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Stellingen 
1. Frustratie in de leghen is niet alleen zichtbaar in het gedrag maar ook 
hoorbaar aan een specifieke vocalisatie, de gakel (Engels: "gakel-call"). 
Dit proefschrift 
2. Voor leghennen die geblokkeerd worden in hun eetgedrag geldt: des te groter 
de motivatie, des te groter de frustratie, des te meer gakels. 
Dit proefschrift 
3. "Kakelen als een kip zonder kop" is de gemiddelde kip vreemd; bij het maken 
van geluiden houden kippen wel degelijk rekening met de omgeving waarin 
ze dat doen en de aanwezigheid van soortgenoten. 
Dit proefschrift / Evans, P. and' Marler, C, Ibis 138:26-33 (1996) 
4. A feeling is a stimulus to muscular action. 
Onderandere dit proefschrift 
5. In het licht van de theorie van de "motivation-structural code" (dieren 
produceren hoge, zuivere tonen in niet-agressieve situaties en lage, rauwe 
tonen om angst aan te jagen en hun agressie te etaleren) is het 
verbazingwekkend dat er mensen zijn die voor hun plezier naar Bob Dylan 
(Robert Zimmerman) luisteren. 
6. Het voortdurende geklaag van Volkskrant-lezers dat ze in het weekend geen 
tijd hebben om de dikke zaterdag-editie uit te lezen komt voort uit het 'en-je-
bord-netjes-leeg-eten"-syndroom. 
Ingezonden brief, De Volkskrant 
7. Het is merkwaardig dat mensen die "op zoek zijn naar zichzelf" daar 
doorgaans eerst duizenden kilometers voor menen te moeten reizen. 
8. Het door middel van selectie zoeter maken van spruitjes om tegemoet te 
komen aan de smaak van de consument is een aanwijzing dat "ver-
endemollen" ook al tot de landbouwsector is doorgedrongen. 
9. Geluk is een goede gezondheid en een slecht geheugen. 
Albert Sch weitzer 
10. Popmuzikanten die bekend staan om hun "goede teksten" zouden er beter 
aan doen een boek te schrijven. 
11. Voor een groot aantal zaken, en zeker voor stellingen en muziek, geldt: beter 
goed gejat dan slecht zelf verzonnen. 
12. "We know that every strong sensation, emotion or excitement - extreme pain, 
rage, terror, joy, or the power of love - all have a special tendency to cause the 
muscles to tremble; and the thrill or slight shiver which runs down the 
backbone and limbs of many persons when they are powerfully affected by 
music, seems to bear the same relation to the above trembling of the body, as a 
slight suffusion of tears from the power of music does to weeping from any 
strong and real emotion. 
Charles Darwin, The expression of the emotions in man and animals, 3e druk: p. 216 
(1872) 
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. too young to hold on, 
too old to just break free and run...' 
Jeff Buckley 
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In order to assess animal welfare, agreement has to exist about what 
constitutes the welfare of an animal. Broadly, three approaches for the 
scientific study of animal welfare exist (Duncan and Fraser, 1997). The first 
one is the 'nature-based' approach. From this point of view the welfare of 
animals is promoted by raising animals in natural environments and 
allowing them to perform their natural behaviour. The second approach is 
the 'functioning-based' one. This approach is based on the view that good 
welfare is guaranteed when the biological systems function in a normal 
manner so that the animal can fulfil its needs and maintain set points of its 
functional systems. The third approach is the 'feelings-based' one. This 
view assumes that animals experience feelings or affective states, and that 
animals suffer if conditions are bad and experience pleasure when 
conditions are good. 
Although the three concepts of animal welfare are based on different 
principles, they often will lead to similar conclusions. In general, 
performance of natural behaviour will guarantee the biological functioning 
of animals. Pleasant and unpleasant affective states can be seen as 
evolutionary adaptations that are useful in motivating an animal to 
perform behaviour that ensure proper biological functioning. 
However, the 'natural-based' approach (Barnard and Hurst, 1996; Kiley-
Worthington, 1989) runs into problems when it comes to behaviours that 
under natural conditions are adaptations to cope with adverse 
circumstances. Under husbandry conditions these adverse situations 
sometimes are not present anymore and it would be odd to conclude that 
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under these conditions the welfare of the animal is impaired when it 
cannot perform these natural behaviours. 
In the 'functioning-based' approach the concept of 'stress' plays an 
important role (Fraser and Broom, 1990; Broom and Johnson, 1993). An 
animal is said to be under stress when it cannot efficiently or effectively 
reach set points of its functional systems and remains in an unsatisfied 
state of functional activation. Stress is associated with challenges which 
evoke characteristic bodily changes, such as increased activation of the 
pituitary and adrenal cortex and increased secretion of corticosteroids. 
These changes can be used as indicators of stress. Through these bodily 
changes and behavioural reactions an animal is able to face challenges to its 
functional systems and in doing so successfully the animal is said to cope 
with its environment. When the unsatisfied state of functional activation 
persists and the animal is not able to cope effectively with the prolonged 
challenges, we consider the animal to be under chronic stress and this can 
eventually have pathological consequences. When one wants to assess the 
state of welfare of an animal, based on the 'functioning-based' approach, 
the problem is to judge whether bodily and behavioural changes are part of 
the normal coping mechanism or are signs of chronic stress. Another flaw 
of the 'functioning-based' approach is that high levels of biological 
functioning (growth rate, reproduction) not necessarily denote a better 
quality of life. 
The 'feelings-based' approach presumes that welfare is solely dependent 
on what the animal feels (Baxter, 1983; Dawkins, 1980; 1990; Broom, 1998; 
Duncan, 1993; 1996; Duncan and Dawkins, 1983). Regarding organisms as 
"sentient" is based on the assumption that evolutionary continuity between 
species in neuro-ethological functioning infers also mental continuity (the 
so-called "argument from analogy"). Feelings or 'motivational affective 
states' are subjective states, involving negative (feelings of hunger, fear) or 
positive affect (feelings associated with eating or playing), that have 
evolved to control and motivate behaviour in a more flexible way than do 
reflexes (Duncan, 1996; Fraser and Duncan, 1998; Wiepkema and Koolhaas, 
1992). The assumption here is that animals will perform behaviours that 
will give them more contentment and/or will prevent them from 
experiencing pain, fear or other negative states (Dawkins, 1980; Webster, 
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1994, p. 31). These behaviours have evolved to sustain proper biological 
functioning, so in that respect the 'feelings-based' approach and the 
'functioning-based' approach are closely linked (Broom 1998). The 
'feelings-based' approach in which animals are seen as sentient beings 
provides the ethical motive for concern about animal welfare. However, in 
operationalising the concept of animal welfare in the 'feelings-based' 
approach one has to look for expressions of a negative or positive state. 
One can only recognise these states on the basis of the 'functioning-based' 
approach. Thus disturbed functioning can be recognised from repeated 
and intense attempts to perform a behaviour. These attempts indicate a 
high motivation to act and can indicate lack of success in reaching set 
points of functional systems (Dawkins, 1980; 1990; Duncan, 1992; Fraser 
and Broom, 1990; Webster, 1994; Wiepkema, 1987). Disturbed functioning 
can also be expressed through emotional expressions, such as vocalisations 
(Darwin, 1872; Weary and Fraser, 1995a, b). 
Common to all three approaches of animal welfare is the notion that 
thwarting or blocking a motivated behaviour can forestall satisfying 
biological functioning and, therefore, impair welfare. The thwarting of 
behaviour elicits frustration and the behavioural expression of frustration 
might, therefore, be an indicator of the welfare of an animal. 
PREDICTABILITY AND CONTROLLABILITY 
In order to survive an organism should try, in the interaction with its 
environment, to detect events and conditions that are important in 
sustaining its life. Because most of these events and conditions have a 
predictable and/ or controllable occurrence, concerning both their spatial 
and temporal aspect, organisms have been adapted to this consistency in 
life sustaining conditions in the course of evolution. Organisms detect non-
random occurrences of relevant events in their environment through 
learning (Dickinson, 1980). In this respect two types of associative learning 
can be distinguished. In classical conditioning an animal is able to predict 
the occurrence of a certain event based on the occurrence of a preceding 
external event or signal. In operant conditioning the animal associates a 
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behaviour by itself with a succeeding event or result. Indeed, studies have 
shown that predictability and/or controllability seem to be of major 
importance to an animal (Wiepkema and Koolhaas, 1992) and that loss of 
either one of these can have detrimental physiological and psychological 
effects (Hanson et al., 1976; Overmier et al, 1980; Weinberg and Levine, 
1980; Mineka and Hendersen, 1985; Mineka et a l , 1986). 
THE STUDY OF THWARTING OF BEHAVIOUR 
The thwarting of a behaviour which the animal is motivated to perform in 
order to assure proper biological functioning can negatively affect its 
welfare. Consequently, if we want to get indications of whether and how 
much the welfare of an animal might be impaired, we can use behaviours 
performed in response to thwarting as indicators of welfare. So, 
experiments to study animal welfare must concern the thwarting of 
behaviour and the subsequent behavioural reactions. Intervening variables 
that might explain the expressions of the thwarting of behaviour are the 
motivational state and frustration (Fig. 1). 
food-deprivation —^hunger-motivation —^feeding behaviour 
1 
thwarting of feeding behaviour - i - > behavioural effects 
i of thwarting 
frustration • 
Figure 1. Schematic overview of the approach of the study of thwarting of behaviour and the variables that 
influence the behavioural response to thwarting. 
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The conditioning paradigm of learning theory seems to provide a suitable 
tool for studying the thwarting of a behaviour and the response of an 
animal. By using classical and operant conditioning one is able to instigate 
an animal to perform a particular response which served to fulfil a certain 
need. Subsequently, this functional sequence is thwarted or interrupted so 
as to evoke behavioural responses which then can be studied. In classical 
conditioning an animal is trained to associate signals, such as a light signal 
(conditioned stimulus, CS), with access to a rewarding commodity 
(unconditioned stimulus, US) and the related performance of the 
associated behaviour. In operant conditioning an animal is trained to 
exhibit a particular response (operant response) because it results in the 
occurrence of an US and the performance of the associated behaviour. 
These two types of learning also occur in the natural environment of the 
animal. Thus the conditioning paradigm makes it possible to incorporate 
the concept of predictability and controllability into the experimental set-
up. After all, classical conditioning provides the animal predictability with 
regard to a reward and the associated behaviour, whereas operant 
conditioning provides the animal not only predictability but also control 
over the occurrence of the reward and the performance of the behaviour. 
Once we have achieved a certain level of classical or operant conditioning 
we can then thwart the conditioned sequence by omission of reward. This 
thwarting of behaviour results in frustration, that is "an aversive 
motivational state that results from non-reward, reduced reward or 
delayed reward in the presence of a history of reward" (Amsel, 1992). So, 
the methods of classical and operant conditioning are very suitable to 
study thwarting of behaviour and the behavioural response to this 
procedure. Furthermore, by varying the intensity of thwarting, it is 
possible to investigate whether the level of frustration, in as far it varies 
with the motivation, affects the behavioural response to thwarting of a 
behaviour. In conclusion, by using conditioning techniques to study the 
behavioural effects of thwarting of a behaviour one can approach the 
concept of animal welfare from a 'functioning-based' point of view. This, in 
turn, is grounded in the 'feelings-based' assumption that the measured 
behavioural and physiological variables reflect variations in experiences of 
well-being and unwell-being. 
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MOTIVATION AND VOCALISATIONS 
The main aim of this thesis is to investigate whether a laying hen has a 
vocalisation that is an expression of frustration, i.e. a vocalisation that is 
related to whether, and also to which extent, the hen is affected by the 
thwarting of a behaviour. In general, before the vocalisation of an animal 
can be used as an indicator of its motivational condition two requirements 
have to be met. First, it must be clear whether the vocalisation provides 
reliable information about a particular motivational condition. Secondly, 
we must establish whether a change in the motivational state is somehow 
reflected in the vocal behaviour of the animal (Weary and Fraser, 1995a). 
In the end, if we can identify a vocalisation that is related to thwarting of 
behaviour and is a reflection of frustration, we may have a useful, 
additional tool for the assessment of the welfare of an animal. 
VOCALISATIONS OF THE LAYING HEN 
Domestic laying hens are highly social animals. Within a group they 
communicate through visual displays and audible calls. The vocal 
repertoire of the domestic fowl consists of about 20-25 discernible calls 
(Schjelderup-Ebbe, 1922; Baumer, 1962; Wood-Gush, 1971; Collias, 1987). 
From these descriptions of the vocal repertoire of the laying hen one 
vocalisation emerges that seems to be associated with the thwarting of 
behaviour. This is the call described by Baumer (1962) as 'Gakeln'. In his 
opinion it indicates not only the hen's readiness for egg-laying (hence the 
label "Legelaut" by Schjelderup-Ebbe (1922) and "(pre)laying-call" by 
Konishi (1963) and Wood-Gush (1971)), but, in general, indicates the 
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Figure 2. Sonagram of a gakel-call. On the X-axis is the time in sec, on the Y-axis is the frequency in kHz. The 
higher intensity of a certain frequency is reflected in a darker shade of grey. 
This 'Gakeln' (Fig. 2) consists of an elongated note, that slightly increases in 
pitch, followed by a succession of shorter notes and sounds like "goook 
gook ok ok ok" (Baumer, 1962). Collias (1987) described three 
vocalisations, 'whine or moan of hunger', 'singing' and 'quacks', that, in 
succession, seem to resemble Baumer's 'Gakeln'. According to Collias these 
vocalisations are related to a food context and seem to express the 
expectation of food. Other studies indicated that this gakel-call (Meijsser 
and Hughes, 1989) is given upon thwarting of behaviour (Huber and 
Folsch, 1978; Schenk et a l , 1983; Meijsser and Hughes, 1989; Koene and 
Wiepkema, 1991). 
The aim of this thesis is to investigate whether frustration, induced by the 
thwarting of behaviour, in laying hens is expressed through the gakel-call. 
Furthermore, we want to know whether motivation and frustration are 
reflected in the number of gakel-calls and temporal parameters of this 
vocalisation. 
CHAPTER II describes an experiment in which two strains of laying hens are 
thwarted in their feeding behaviour in a classical conditioning paradigm. 
The aim of this experiment was to investigate whether the thwarting of 
feeding behaviour and the elicited frustration result in an increase in the 
number of gakel-calls. 
Chapter I 
Chapter III reports on an experiment that studied thwarting of feeding 
behaviour in a classical and in an operant conditioning paradigm. In the 
classical mode of conditioning the hens acquire predictability of the 
occurrence of a food reward, while in the operant mode both predictability 
and controllability are obtained. This means that controllability can be 
considered as predictability plus added control. From this distinction we 
deduced the prediction that omission of reward in the operant mode will 
be more detrimental to an animal than nonreward in the classical mode 
and that this will be reflected in the number of gakel-calls. 
CHAPTER IV describes different elements of the gakel-call (mean number 
and temporal structure) in relation to the intensity of frustration. We 
assumed that the degree of frustration, resulting from the thwarting of 
feeding behaviour, is influenced by the underlying motivation to feed. So, 
through the frustration-response the motivation to feed can be assessed. A 
change in hunger motivation was induced by varying the durations of 
food-deprivation (0, 8, 23 and 47 hours). Next, an experiment was done in 
which the intensity of frustration was altered by varying the magnitude of 
a food reward. The assumption was that a larger reduction in food reward 
would result in more frustration. This higher frustration would then be 
reflected in a higher number of gakel-calls. We varied frustration by 
subjecting hens to an operant conditioning session with different durations 
of access to food (0, 3,10 and 30 seconds) after they had been trained with 
a 10-second food reward. 
A description of the mean levels of gakel-calls and the different elements of 
the gakel-call in response to the thwarting of different behaviours (feeding, 
drinking, dustbathing and nesting behaviour) is given CHAPTER V. We 
investigated whether thwarting of these behaviours leads to an increase in 
the number of gakel-calls and whether different contexts of thwarting have 
different effects on the characteristics of the gakel-call. 
CHAPTER VI reports on the social aspects of the gakel-call and other 
behaviours indicative of thwarting of feeding behaviour. If the presence of 
a conspecific influences the occurrence of this call such as by an audience 
effect or by social facilitation this might have consequences for the use of 
the gakel-call as an indicator of frustration. The question is then whether a 
change in the number of gakel-calls reflects a change in the frustrative 
General Introduction 
effect of thwarting or that other factors contribute to the in- or decrease in 
number of gakel-calls. In this chapter we investigated the effect of the 
presence of an audience on the occurrence of the gakel-call and other 
behaviours indicative of frustration. We also studied whether social 
facilitation affects the gakel-call. The social and functional aspects of the 
gakel-call are discussed. 
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The effect of frustrative nonreward on vocalisations 
and behaviour in the laying hen, Gallus gallus 
domesticus 
ABSTRACT 
Laying hens are thought to express an expectation of a rewarding event through a 
specific vocalisation, the gakel-call. It has been suggested that the gakel-call is 
related to frustration, i.e. the thwarting of behaviour. We investigated if frustrative 
nonreward (nonreinforcement in a situation that previously was consistently 
reinforcing) in laying hens is expressed through this gakel-call. Twenty hens of two 
commercial strains, 10 ISA White Leghorn and 10 ISA Brown Warren were 
subjected to a classical conditioning procedure. After 23 hours of food-deprivation 
they were trained, in automated Skinnerboxes, to use red lights as a signal 
(conditioned stimulus) for a food reward. After this the hens of each strain were 
equally divided into two groups of five. They were subjected to a control session 
(light as conditioned stimulus followed by food reward) and to a frustration 
session (conditioned stimulus followed by nonreward). Both during the frustration 
and control session behaviour and vocalisations were recorded. In the White 
Leghorn strain high levels of alarm-calls are found as indicators of anxiety. In the 
Brown Warren strain more gakel-calls and an increased locomotor activity are 
found after frustrative nonreward. In conclusion, both findings suggest that 
vocalisations could serve as indicators of a laying hen's welfare. 
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A question in applied ethology is to what extent vocalisations of animals 
can be used as welfare indicators. The idea is that vocalisations are signals 
of the sender's condition towards conspecifics. For instance, Weary and 
Fraser (1995) found for piglets that differences in need were related to 
differences in calling. 'Non-thriving' and 'unfed' piglets called longer and at 
a higher frequency than 'thriving' and 'fed' piglets. They concluded that 
these calls might be reliable expressions of a piglet's need. 
Before vocalisations can be used as an indicator of an animal's welfare state 
two requirements have to be met. It must be predictable which vocalisation 
in which situation provides useful information about the animal's 
condition. And some aspects of this vocalisation must change in a 
consistent way with a change in the animal's condition. This paper will 
focus on the first requirement. 
Welfare is considered a state in which the animal can fulfil its physical and 
mental needs (Hurnik, 1988). Welfare is impaired when an animal is not 
able to meet its needs. In experiments with laying hens it has been shown 
that the unfulfilment of feeding behaviour is possibly expressed through a 
specific vocalisation (Baumer, 1962; Schenk et al., 1983; Collias, 1987). 
Baumer (1962) and Schenk et al. (1983) labelled it "Gakeln" or "Gakel" call. 
Others called it "Legelaut" (Schjelderup-Ebbe, 1923), (pre)laying-call 
(Konishi, 1963; Wood-Gush, 1971) or singing (ColUas, 1987). Under natural 
conditions this vocalisation can be heard in the period before oviposition. 
Following Schenk et al. (1983) we will refer to this vocalisation as the 
"gakel-call" to indicate that it is not solely uttered in the period before egg 
laying. A gakel-call is typically composed of an elongated note, somewhat 
rising in frequency, followed by one or more shorter notes. 
Schenk et al. (1983) found a positive relationship between the duration of 
food deprivation and the number of gakel-calls given. They also found that 
in the pre-laying period hens without access to a nest gave more gakel-calls 
than hens with a nest site. When deprived of a nest these calls tended to be 
longer in duration and be composed of more elements than the gakel-calls 
of hens with a nest. Koene and Wiepkema (1991) got similar results with 
deprivation of dustbathing behaviour. The longer the hens were prevented 
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from dustbathing, the higher the level of gakel-calls given by these hens. 
Huber and Folsch (1978) found that hens kept in battery cages gave more 
gakel-calls than hens kept on a wire-netting floor or in a deep litter-system. 
This was especially the case at dawn and during the period before egg 
laying. Their explanation was that at these times hens in the cages were 
thwarted respectively in their feeding and pre-laying behaviour. In battery 
cages there was not enough space for all hens to eat simultaneously, so 
hens that wanted to eat were not always able to. They observed that these 
hens produced the gakel-calls. During the pre-laying period hens in the 
battery system not only gave higher amounts of gakel-calls but these calls 
were also longer in duration and were composed of more notes than in the 
other two systems. According to Huber and Folsch (1978) this was induced 
by the inability of the hens in battery cages to find a suitable nest site. 
Meijsser and Hughes (1989) found a slight difference in occurrence of the 
gakel-call before oviposition when comparing battery cages with three 
alternative husbandry systems. In the alternative systems the amount of 
gakel-calls 1 hour before egg-laying was high initially and then declined 
sharply towards oviposition, while in battery cages the general level of 
gakel-calls stayed high. The explanation for this is that hens in battery 
cages are frustrated in fully performing their pre-laying behaviour and this 
thwarting of a behavioural need is vocally expressed in higher levels of the 
gakel-call compared to the three alternative husbandry systems (Meijsser 
and Hughes, 1989). 
The aim of this study was to find whether frustrative nonreward, i.e. non-
reinforcement in a situation that previously was consistently reinforcing 
(Amsel and Roussel, 1952) in domestic laying hens leads to a higher level 
of gakel-calls compared to a rewarding situation. The method used was a 
classical conditioning procedure with a food reward. The subsequent 
frustrative nonreward consisted of the feeder being empty. This way the 
hens were thwarted in their feeding behaviour. Wood-Gush (1972) found 
that laying hens show high levels of pacing after frustration in a feeding 
situation. This is in line with the findings of Duncan and Wood-Gush 
(1972b). They found that frustration is associated with stereotyped pacing 
and displacement preening. We used two commercial strains of laying 
hens; a medium-hybrid strain, ISA Brown Warren, and a light-hybrid one, 
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ISA White Leghorn. We know from other studies that similar strains of 
laying hens show different reactions upon frustration (Wood-Gush, 1972; 
Mills and Wood-Gush, 1983; Mills et al.„ 1985; Koene and Wiepkema, 1991). 
During thwarting of normal pre-laying behaviour (Wood-Gush, 1972; Mills 
and Wood-Gush, 1983; Mills et al., 1985) laying hens of a White strain 
showed a higher amount of stereotyped pacing than birds of a Brown 
strain. Koene and Wiepkema (1991) found an effect of thwarting of 
dustbathing behaviour on vocalisations. Both a White and a Brown strain 
gave more gakel-calls during thwarting of dustbathing than during the 
control period. They also found that during thwarting of dustbathing 
behaviour the White strain gave more gakel-calls than the Brown one. 
In summary, the following three hypotheses are formulated. Frustrative 
nonreward in laying hens will lead to higher levels of gakel-calls and a 
higher amount of time spent pacing compared to a rewarding situation. 
Frustrative nonreward will be expressed in a longer mean duration of 
gakel-calls and a larger mean number of elements per gakel-call in both 
strains. Hens of the ISA White strain will give higher levels of gakel-calls 
and spend more time pacing during thwarting of feeding behaviour than 
birds of the Brown Warren strain. 
MATERIALS AND METHODS 
Subjects and apparatus 
Ten ISA Brown Warrens and 10 ISA White Leghorns were used; they were 
23 weeks old when the experiment started. They were all housed 
individually in cages (100cm x 50cm x 50cm; 1 x w x h) of the type 
described by Van Liere and Wiepkema (1992). The floor of these cages 
(50cm x 50cm) consisted of wooden slats and a dust box (50cm x 50cm). 
Opposite to the dust box there was a nestbox of 39cm x 30cm x 40cm with a 
floor of artificial grass. In our experiment water was available ad libitum. 
The light period fell between 0400 and 2000 hours. 
Four automated Skinnerboxes were located next to one another in a sound-
attenuated room. Each Skinnerbox measured 60 x 50 x 65 cm. Three red-
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lighted keys, 2 cm in diameter, 10 cm apart were on the intelligence panel 
26 cm above the metal grid floor. The feeder was accessible through a 
round hole (12 cm in diameter) in the centre of the back wall, 10 cm above 
floor level. The hens could obtain food only when the food magazine was 
"up". A photo cell at the side of the hole detected the presence or absence of 
a hen's head in the feeder. Approximately 8 cm over the top of each 
Skinnerbox was a small 5-W incandescent light. A Skinnerbox was 
operated through a custom-made program in LabView® software 
(National Instruments, 1994). A change in the key lights ("on" or "off"), the 
keys ("peck" or "no peck") and the photo cells ("head" or "no head") was 
automatically recorded and stored in a file on hard-disk. Skinnerbox and 
computer were in the same room. 
Procedure 
For all sessions a hen was taken from its home cage, carried to the sound-
attenuated room and put in a Skinnerbox. Before training all hens had been 
habituated to the Skinnerbox and its functioning. The hens were placed in a 
Skinnerbox for 15 min a day on three consecutive days. On the subsequent 
two days all hens were deprived of food for 5 hrs, placed in a Skinnerbox 
in which every minute the feeder went up for 5 sec thus enabling the hen to 
eat. After this habituation stage the training began. 
At the start of a 15 min training session the top light of a Skinnerbox was 
lit. After a variable interval (30 ± 10 sec) a stimulus light was lit. After 10 s 
the feeder went up for 5 sec and the hen was able to eat. Then the feeder 
went down, the key light went off and another variable interval started. 
For time-saving reasons three hens were subjected to the same training 
session at the same time. During a training session the hens were visually, 
but not acoustically isolated from each other. 
We considered training successful when a hen was eating every time 
within 1 s the feeder had come up on three consecutive days. Such a short 
interval between the feeder coming up and a hen eating would only be 
possible if the hen used the key lights as a predictive signal for food. 
For the final testing the animals were divided into two groups. Testing was 
carried out according to a cross-design; one group was first subjected to a 
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frustration session followed by a control session, the other group the other 
way around. The control session and the frustration session were run 
according to the same scheme as the training session, except that in a 
frustration session no food was in the feeder. All hens were tested 
individually from 1400 onwards after which generally all hens had laid 
their egg. 
Behaviour and vocalisations were recorded on videotape using a hifi-
videocamera (Panasonic NV-M10) connected to a videorecorder (Panasonic 
AG-6200). An external microphone (Bandridge BMC 660) was situated 
right above the Skinnerbox and directly plugged into one of the audio-
channels of the video-recorder. Behaviour was analysed from video tape 
using The Observer® programme (Noldus, 1993). Of the behavioural 
elements the durations of walking and preening and the number of jumps 
were recorded. In addition the numbers of gakel-calls, of contact grunts 
(Collias 1987) and of alarm-calls (similar to ground predator warning call, 
described by Collias (1987)) were recorded. Gakel-calls were digitised and 
analysed using the Signal Sound Analysis System (Engineering Design 
1992). For every hen for the first, the middle and the last gakel-call from 
each session the total length and the number of notes was determined. 
Analysis 
We performed an analysis of variance (GLM-procedure) with treatment, 
strain and order of treatment as main effects in the SAS® statistical 
programme (SAS Institute Inc. 1989). Treatment and order of treatment 
within hens were taken as repeated measurements. Where there were 
significant interactions of main effects, a post-hoc test (LSMEANS with 




In fig. 1 the time until head-in-feeder after the feeder went up for each 
strain is depicted on its last 9 training days. No differences were found in 
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Figure 1. Time (s) until head-in-feeder (mean ± SEM) after the feeder went up for both strains on the last 9 
days of training. 
There was no effect of order of treatment on any behavioural element. 
There was a significant (F116=18.40, P<0.001) treatment*strain interaction 
concerning the number of gakel-calls. Post-hoc test showed that the Brown 
Warrens gave significantly (P<0.01) more gakel-calls during the frustration 
session than during the control session. The Brown hens also performed 
significantly (P<0.01) more gakel-calls than the White hens during the 
frustration session (Fig. 2). 
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Figure 2. Mean number of gakel-calls (mean ± SEM) during the control and frustration session for both 
strains (*P<0.05, **P<0.01, ***P<0.001). 
There was a significant (F)]6=14.15, P<0.01) treatment effect on the time 
spent pacing. The Brown Warrens spent a significantly (P<0.001) higher 
amount of time pacing in the frustration than in the control session. We 
also found a significant (F]16=5.06, P<0.05) strain effect. The White 
Leghorns spent significantly (P<0.05) more time pacing in the control 
session than the Brown hens (Fig. 3). 
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Figure 3. Mean duration (sec) pacing (mean ± SEM) during the control and frustration session for both strains 
(* P<0.05, **P<0.01, ***P<0.001). 
No effects of treatment were found on the levels of alarm vocalisations, 
jumping and the duration of preening. There was a significant effect of 
strain on the number of alarm vocalisations (F11(=5.08, P<0.05) and the 
number of jumps (F116=8.56, P<0.01). The White strain gave significantly 
more alarm-calls during both the control and frustration session than the 
Brown one (Table 1). The White hens also jumped significantly (P<0.05) 
more often during the frustration session and tended (P<0.1) to show more 
jumping during the control session than the Brown hens. 
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Table 1. Mean (± SEM) of the behavioural elements alarm-calling, jumping and preening in both treatments 
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There were no significant differences in the composition of the gakel-call 
between a frustration and control session. Neither the mean duration per 
gakel-call differed between the frustration and the control session nor did 
the mean number of notes per gakel-call (Table 2). 
Table 2. Mean (± SEM) of duration and number of elements per gakel-call in both treatments for all hens. 
Characteristic of gakel-call Control Frustration 
Mean duration (ms) 847 (±42.4) 946 (±71.6) NS 




Frustrative nonreward led to a higher level of gakel-calls in the Brown 
Warren strain. This effect was not found in the White Leghorn strain. Other 
behaviours associated with frustration in the laying hen are stereotyped 
pacing and displacement preening (Duncan and Wood-Gush, 1972a, 
1972b). Only the Brown strain showed a higher amount of time spent 
pacing during frustration compared to the control session. Neither strain 
spent more time preening in the frustration session than in the control 
session. The higher number of gakel-calls and higher level of pacing in the 
frustration session than in the control session in Brown Warrens in this 
study have also been found in previous studies in White laying hens. White 
laying hens showed an excessive amount of pacing during thwarting of 
their normal pre-laying behaviour (Wood-Gush, 1972; Mills and Wood-
Gush, 1983). Also, White hens gave higher levels of gakel-calls after 
thwarting of feeding behaviour (Schenk et al., 1983) and dustbathing 
behaviour (Koene and Wiepkema, 1991) compared to a control situation. 
In our experiment the White hens did not meet the first two hypotheses. 
They did not show a higher amount of gakel-calls and more pacing after 
frustrative nonreward, neither compared to the control situation, nor 
compared to the Brown hens. The White hens gave more alarm-calls and 
jumped more. So they seemed to be more fearful in both the control and 
frustration session. This is in accordance with the general difference in 
behavioural and physiological reaction to sub-optimal environmental 
circumstances between these two strains (e.g. Duncan et al, 1979; Jones and 
Faure, 1981; Mills and Wood-Gush, 1983; Mills et al, 1985). These studies 
showed that hens of a light-hybrid strain, comparable to the White 
Leghorns, react more fearful to sub-optimal circumstances than hens of a 
medium-hybrid strain, comparable to the Brown Warren strain. 
The findings in this experiment are in accordance with the idea that 
vocalisations are signals of the sender's condition towards conspecifics. 
Whereas the alarm-call in the White Leghorn strain appears to express 
anxiety that possibly overruled the effect of frustration in this experiment, 
the gakel-call seems to be an expression of an animal's need. Therefore, the 




We are grateful to Dr. J. Schrama for statistical advice and Dr. W.G.P. 
Schouten and Prof. Dr. J.A.R.A.M. van Hooff for carefully reading and 
commenting on the manuscript. 
REFERENCES 
Amsel, A. and Roussel, J., 1952. Motivational properties of frustration. I. 
Effect on a running response after the addition of frustration to the 
motivational complex. Journal of Experimental Psychology 43: 363-
368. 
Baumer, E., 1962. Lebensart des Haushuhns, drifter Teil - iiber seine Laute 
und allgemeine Erganzungen. Zeitschrift fur Tierpsychologie 19: 394-
416. 
Collias, N.E., 1987. The vocal repertoire of the Red Junglefowl: a 
spectrographic classification and the code of communication. The 
Condor 89: 510-524. 
Duncan, I.J.H., Filshie, J.H. and Amlaner, C.J., 1979. The use of radio 
telemetry devices to measure temperature and heart rate in domestic 
fowl. In: D.W. McDonald (Ed.), A handbook of biotelemetry and radio 
tracking. Pergamon Press, Oxford: 579-588. 
Duncan, I.J.H. and Wood-Gush, D.G.M., 1972a. An analysis of 
displacement preening in the domestic fowl. Animal Behaviour 20: 68-
71. 
Duncan, I.J.H. and Wood-Gush, D.G.M., 1972b. Thwarting of feeding 
behaviour in the domestic fowl. Animal Behaviour 20: 444-451. 
Engineering Design, 1992. Signal Software Manual, Version 2.20. 
Engineering Design, Belmont MA: 891-997. 
Huber, A. and Folsch, D.W., 1978. Akustische Ethogramme von Huhnern: 
die Auswirkung unterschiedliche Haltungssysteme. Birkhauser 
Verlag, Stuttgart: 50 p. 
24 
Frustrative nonreward 
Hurnik, J.F., 1988. Welfare of farm animals. Applied Animal Behaviour 
Science 20:105-117. 
Jones, R.B. and Faure, J.M., 1981. Sex and strain comparisons of tonic 
immobility ("righting time") in the domestic fowl and the effects of 
various methods of induction. Behavioural Processes 6: 47-55. 
Koene, P. and Wiepkema, P.R., 1991. Pre-dustbathing vocalizations as an 
indicator of a "need" in domestic hens. In: E. Boehnke and V. 
Molkenthin (Eds.), Proceedings of the international conference on 
alternatives in animal husbandry. Agrarkultur Verlag Witzenhausen, 
Witzenhausen: 95-103. 
Konishi, M., 1963. The role of auditory feedback in the vocal behavior of 
the domestic fowl. Zeitschrift fur Tierpsychologie 40: 349-367. 
Meijsser, F.M. and Hughes, B.O., 1989. Comparative analysis of pre-laying 
behaviour in battery cages and in three alternative systems. British 
Poultry Science 30: 747-760. 
Mills, A.D. and Wood-Gush, D.G.M., 1983. Genetic analysis of frustration 
responses in the fowl. Applied Animal Ethology 9: 88-89. 
Mills, A.D., Duncan, I.J.H., Slee, G.S. and Clark, J.S.B., 1985. Heart rate and 
laying behavior in two strains of domestic chicken. Physiology & 
Behavior 35:145-147. 
National Instruments, 1994. Labview® Function Reference Manual. 
National Instruments Corporation, Woerden, The Netherlands. 
Noldus Information Technology, 1993. The Observer: Base package for 
Dos. Reference Manual, Version 3.0 Edition. Wageningen, The 
Netherlands. 
SAS Institute Inc., 1989. SAS/STAT- User's Guide, Version 6, 4th Edition, 
Volume 2. SAS Institute Inc. Cary, NC: 891-997. 
Schenk, P.M., Meysser, F.M. and Limpens, H.J.G., 1983. Gakeln als 
Indikator fur Frustration bei Legehennen. KTBL-Schrift 299: 65-80. 
Schjelderup-Ebbe, T., 1923. Weitere Beitrage zur Sozial- und 
Individualpsychologie des Haushuhns. Zeitschrift fur. Psychologie 92: 
60-87. 
Van Liere, D.W. and Wiepkema, P.R., 1992. Effects of long-term 
deprivation of sand on dustbathing behaviour in laying hens. Animal 
Behaviour 43: 549-558. 
Weary, D.M. and Fraser, D. 1995. Calling by domestic piglets: Reliable 
signals of need? Animal Behaviour 50:1047-1055. 
25 
Chapter II 
Wood-Gush, D.G.M., 1971. The behaviour of the domestic fowl. 
Heinemann Educational Books, London: 18-46. 
Wood-Gush, D.G.M., 1972. Strain differences in response to sub-optimal 
stimuli in the fowl. Animal Behaviour 20: 72-76. 
26 
Chapter III 
The effect of loss of predictability and controllability of 
reward during frustration on behaviour in two strains 
of laying hens, Gallus gallus domesticus. 
ABSTRACT 
To fulfil its needs in order to keep a high level of welfare an animal has to interact 
with the environment. In that interaction predictability and controllability seem to 
be of major importance. Loss of predictability and loss of controllability have a 
detrimental effect on animals. We hypothesised that both loss of predictability and 
loss of controllability would, among other behavioural effects of frustration, lead to 
an increase in the number of gakel-calls in laying hens. The gakel-call, expressed 
during the thwarting of behaviour, presumably is an indicator of frustration in 
laying hens. Predictability of reward was offered by a classical conditioning 
procedure, controllability of reward by operant conditioning. Assuming that 
controllability is predictability plus added control we also hypothesised that loss of 
controllability would lead to higher levels of gakel-calls than loss of predictability. 
Twenty hens of two commercial strains of laying hens, 10 ISA Brown Warrens and 
10 ISA White Leghorns were used. These strains of hens are known to differ in 
their reaction to frustration. They were subjected to frustration during a classical 
and an operant conditioning situation in a counterbalanced design. We found that 
in both conditioning situations in the frustration treatment the hens gave more 
gakel-calls than in the control treatment. No difference in levels of gakel-calls 
during frustration between classical and operant conditioning was found. 
Both loss of predictability and loss of controllability seem to impair a laying hen's 
welfare. The results suggest that the strains differ in behavioural strategy during 
frustration. When using the gakel-call as measure for welfare this difference in 
behavioural strategy should be taken into account. 
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Welfare is considered a state in which the animal can fulfil its physical and 
mental needs (Hurnik, 1988). In order to fulfil its needs an animal has to 
interact with the environment through its behaviour to reach certain goals 
(e.g. food, a mate, escape from a predator). It is much easier for an 
organism to survive when life sustaining events and conditions have some 
order that can be predicted and controlled. Since most of the 
environmental changes and conditions have a predictable and/or 
controllable occurrence, in the course of evolution organisms are adapted 
to this consistency of environmental changes and states. So, in the 
interaction with the environment predictability and controllability seem to 
be of major importance (Overmier et al, 1980; Weinberg and Levine, 1980; 
Wiepkema and Koolhaas, 1992). 
Concerning predictability it has been shown in several studies that animals 
prefer predictable shock over unpredictable shock even when the shock is 
unavoidable and inescapable. For instance, Weiss (1970) showed that rats 
receiving unpredictable shock developed more severe gastric ulcers and 
also showed higher concentrations of plasma corticosterone, increased 
body weight loss and more defecations than animals receiving predictable 
shock. 
A number of authors have provided evidence that loss of control has 
detrimental psychological and physical consequences to an animal. For 
example, Hanson et al. (1976) showed that macaques who were able to 
control an adverse loud noise displayed lower Cortisol levels than 
macaques that had no control experiencing the same degree of exposure. 
Mineka et al. (1986) demonstrated that infant rhesus monkeys that had 
control over aspects of their environment showed lower fear and an 
increase in exploratory behaviour and coping responses compared to a 
group which lacked such a control. There is a lot of evidence that animals 
prefer to perform some operant response to earn food rather than accept 
food freely (see Osborne, 1977, for review). This is also the case in laying 
hens (Duncan and Hughes, 1972). These examples show that having added 
control to a predictable reward seems to be of major importance to animals. 
Experiments of Weiss (1971) confirmed the finding that predictability and 
controllability seemed to be additive in their effects. 
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We now have arrived at the point where the welfare of laying hens and the 
concept of predictability and controllability have to come together. As said 
before, welfare is impaired when a laying hen is not able to fulfil its needs. 
In experiments with laying hens it has been shown that the unfulfilment of 
feeding behaviour is possibly expressed through a specific vocalisation 
(Baumer, 1962; Schenk et al., 1983; Collias, 1987). Baumer (1962) and 
Schenk et al. (1983) labelled this vocalisation "Gakeln" or "Gakel" call. 
Others called it "Legelaut" (Schjelderup-Ebbe, 1923), (pre)laying-call 
(Konishi, 1962; Wood-Gush, 1971) or singing (Collias, 1987). Following 
Schenk et al. (1983) we will refer to this vocalisation as the "gakel-call" to 
indicate that it is not only uttered in the period before egg laying. A gakel-
call is typically composed of an elongated note, somewhat rising in 
frequency, followed by one or more shorter notes. 
Schenk et al. (1983) found a positive relationship between the duration of 
food deprivation and the number of gakel-calls given. This was also found 
in the situation that hens were deprived of a nest site (Schenk et al., 1983) 
and of a dustbath (Koene and Wiepkema, 1991). The longer the hens were 
prevented from entering the nest and dustbathing, respectively, the higher 
the level of gakel-calls given by these hens. 
Comparing different husbandry systems Huber and Folsch (1978) found 
that hens kept in battery cages gave more gakel-calls than hens kept on a 
wire-netting floor or in a deep litter-system. According to them this was 
induced by the inability of the hens in battery cages to find a suitable nest 
site. 
Under laboratory circumstances predictability and controllability can be 
provided through conditioning techniques. Through classical and operant 
conditioning a laying hen can be trained to associate the occurrence of a 
stimulus (classical) or its own behaviour (operant) with a food reward. 
Predictability is related to classical conditioning, whereas controllability 
(representing predictability + added control) is associated with operant 
conditioning. The method of conditioning related to an appetitive situation 
is somewhat different from the earlier described experiments, where 
animals were able to predict or control the non-occurrence of an aversive 
stimulus. However, in both methods loss of predictability and loss of 
controllability can be characterised by the aversive nature of the situation. 
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In the conditioning with shock as an unconditioned stimulus the non-
occurrence of shock after an operant response can be interpreted as less 
aversive compared to the occurrence of the uncontrollable shock. The same 
applies to signalled shock when compared to an unsignalled one (Weiss, 
1970). So, when animals lose predictability and controllability both with 
shock and food as the unconditioned stimulus they get into an aversive 
situation. 
Loss of predictability or controllability can thus be induced by omission of 
reward, thereby thwarting the laying hen in its feeding behaviour. If 
thwarting of behaviour (i.e. frustration) is expressed through the gakel-call 
then both loss of predictability or controllability should result in increased 
levels of gakel-calls. And if we assume that loss of controllability is more 
detrimental to the animal than loss of predictability (Weiss, 1971) then one 
should expect that loss of controllability will result in higher levels of 
gakel-calls than loss of predictability. 
We used two common commercial strains of laying hens; a medium-hybrid 
strain, ISA Brown Warren, and a light-hybrid one, ISA White Leghorn. We 
know from other studies that similar strains of laying hens show different 
reactions upon frustration (Wood-Gush, 1972; Duncan and Filshie, 1979; 
Mills and Wood-Gush, 1983; Mills et al., 1985; Koene and Wiepkema, 1991). 
During thwarting of normal pre-laying behaviour (Wood-Gush 1972; Mills 
and Wood-Gush 1983; Mills et al. 1985) laying hens of a White strain 
showed a higher amount of stereotyped pacing than birds of a Brown 
strain. Koene and Wiepkema (1991) found an effect of thwarting of 
dustbathing behaviour on vocalisations. Both a White and a Brown strain 
gave more gakel-calls during thwarting of dustbathing than during the 
control period. 
In summary, the following hypotheses are formulated. 1) Both a loss of 
predictability and controllability in laying hens will lead to higher levels of 
gakel-calls. And assuming that controllability is predictability plus added 
control 2) loss of controllability will lead to higher levels of gakel-calls than 
loss of predictability. 
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METHODS 
Ten ISA Brown Warrens and 10 ISA White Leghorns, 23 weeks of age, 
were used. They were all housed individually in cages (100cm x 50cm x 
50cm; 1 x w x h) of the type described by Van Liere and Wiepkema (1992). 
The floor of these cages (50cm x 50cm) consisted of wooden slats and a 
dust box (50cm x 50cm). Opposite to the dust box there was a nestbox of 
39cm x 30cm x 40cm with a floor of artificial grass. Water was available ad 
libitum. The light period fell between 400 and 2000 hours. The animals 
were subdivided in two groups of 5 white and 5 brown hens. Group A was 
subjected to classical conditioning, group B to an operant conditioning 
procedure. 
Four automated Skinnerboxes were located next to one another in a sound-
attenuated room. 
Each Skinnerbox measured 60 x 50 x 65 cm. Three red-lighted keys, 2 cm in 
diameter, 10 cm apart and 26 cm above the metal grid floor were on the 
intelligence panel. A feeder was accessible through a round hole (12 cm in 
diameter) in the centre of the back wall, 10 cm above floor level. The hens 
could obtain food only when the food magazine was "up". A photo cell at 
the side of the hole detected the presence or absence of a hen's head in the 
feeder. Approximately 8 cm over the top of each Skinnerbox was a small 5-
W incandescent light. A Skinnerbox was operated through a custom-made 
program in Lab View® software (National Instruments, 1994). A change in 
the key lights ("on" or "off"), the keys ("peck" or "no peck") and the photo 
cells ("head" or "no head") was automatically recorded and stored in a file 
on hard-disk. Skinnerbox and computer were in the same room. 
Training and testing were always carried out from 12:00 onwards after all 
hens had laid there egg. The hens were first habituated to the Skinnerbox 
and its functioning. After this habituation conditioning commenced. The 
hens of group A were subjected to the following classical conditioning 
schedule. At the start of a 15 min session the top light of a Skinnerbox was 
lit. After a variable interval (30 ± 10 sec) a stimulus light (red key light) was 
lit for 10 sec. Then the feeder went up for 5 sec and a hen was able to eat. 
Then the feeder went down, the key light went off and another variable 
interval started. Hens were considered to be trained sufficiently when, in 
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three sessions on three consecutive days, they had their head in the feeder 
within 1 sec after the feeder had come up. This would only be possible if 
they would move to the feeder after the stimulus light in expectation of a 
food reward. 
The hens in the operant conditioning group started with a number of 
shaping sessions. After the hens had learned that pecking the keys was 
rewarded with 5 sec access to food they were submitted to the operant 
conditioning scheme. In this schedule the successive periods were of the 
same duration as in the classical situation, except for that when the 
stimulus light went on the hens had to peck a key in order to get 5 sec 
access to food. A hen had reached the baseline level when the animal had 
performed an operant response every time the stimulus light was lit in 
three sessions on three consecutive days. For time saving reasons the hens 
were initially subjected to a conditioning session four at a time. However, 
the last 5 days before the final testing all hens were subjected to the 
training session individually because testing would also take place 
individually. 
For the final testing both groups were subdivided into two subgroups. 
Testing was carried out according to a cross-design; one subgroup was first 
subjected to a frustration session followed by a control session, the other 
subgroup the other way around. The control session and the frustration 
session were run according to the same scheme as the training session, 
except that in a frustration session no food was in the feeder. All hens were 
tested individually. 
In this experiment also heart rate of the hens was measured. The results of 
the heart rate measurement are discussed elsewhere, but it should be 
mentioned that for this purpose the hens were equipped with specially 
designed jackets in which the equipment was carried. 
Behaviour and vocalisations were recorded on videotape using a hifi-
videocamera (Panasonic NV-M10) connected to a videorecorder (Panasonic 
AG-6200). An external microphone (Bandridge BMC 660) was situated 
right above the Skinnerbox and directly plugged into one of the audio-
channels of the video-recorder. Behaviour was analysed from video tape 
using The Observer® programme (Noldus, 1993). Of the behavioural 
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elements the numbers of gakel-calls (Collias, 1987), alarm-calls, similar to 
ground predator warning-calls as described by Collias (1987) and key 
pecks were recorded. Also the durations of walking, preening and pecking 
at the jacket were recorded. Gakel-calls were digitised and analysed using 
the Signal Sound Analysis System (Engineering Design, 1992). 
We performed an analysis of variance (GLM-procedure) with order of 
conditioning, conditioning, treatment and strain as factors in the SAS® 
statistical programme (SAS Institute Inc. 1989). Conditioning and order of 
conditioning within hens were taken as repeated measurements. Where 
there were significant interactions of main effects, a post-hoc test 
(LSMEANS with Bonferroni correction) was used to discover which effects 
were present. 
RESULTS 
There was no effect of order of conditioning on any behavioural element. 
In table 1 the results of the analysis of variance of the factors on a number 
of behaviours is represented. From the interactions between main effects 
only the significant ones are shown in table 1. 
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Significant effects are printed in bold. The factors are conditioning (Cond), treatment (Treat) and strain (Str). 
1
 The means in this column for conditioning method, treatment and strain are respectively classical 
conditioning, control session and White Leghorns.2 The means in this column for conditioning, treatment 
and strain are respectively operant conditioning, frustration session and Brown Warrens. 
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Concerning the level of gakel-calls we found a significant effect of 
treatment and of strain. More gakel-calls were given in the frustration 
session compared to the control session (fig. 1). The Brown Warrens 

















Figure 1. Level of gakel-calls in the control and frustration treatment. 
There was a significant effect of treatment on the duration walking. Post-
hoc test showed that the hens spent more time walking in the frustration 
session compared to the control session. A significant effect of treatment on 
the duration pecking-at-jacket was found. A higher amount of time was 
dedicated to pecking at the jacket during the frustration session than 
during the control session (table 1). 
A significant effect of treatment, conditioning and of strain on the levels of 
key pecking were found (table 1). The hens pecked significantly more at 
the keys in the frustration treatment compared to the control treatment. 
They also showed more key pecking in the operant situation than in the 
classical situation. The White Leghorns significantly pecked more at the 
35 
Chapter I 
key than the Brown Warrens. Furthermore a significant interaction was 
found between conditioning and treatment. Post-hoc test showed that in 
the operant condition the hens pecked significantly (P<0.001) more at the 
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Figure 2. Number of key pecks in the control and frustration treatments in both classical and operant 
condition. 
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DISCUSSION 
In this experiment we found that loss of predictability and loss of 
controllability both lead to higher levels of gakel-calls compared to the 
control sessions (fig. 1). The hypothesis that frustration after loss of 
controllability would lead to higher levels of gakel-calls compared to 
frustration after loss of predictability was not confirmed by the results. We 
assumed that in our operant procedure the hens could not only control but 
also predict the occurrence of the food reward. Omission of the food 
reward in the operant condition then would lead to a loss of both 
predictability and controllability, in contrast with the classical situation 
where only predictability would be lost. However, no differences between 
the classical and operant condition concerning the level of gakel-calls were 
found. This could mean that the significance of the added control of a 
predictable food reward in the operant condition was not as high as we 
had expected. Furthermore, another view exists that predictability allows 
an animal to prepare for a conditioned stimulus thereby offering control 
(Perkins, 1968). This could mean that in our experiment from the animal's 
point of view no major difference in predictability and controllability 
existed. 
Both strains showed a significant increase in the levels of key pecking 
during the frustration session in the operant condition. This high level of 
key pecks during the frustration session can be attributed to a rebound-
effect (Duncan and Hughes, 1972). The significant increase of pecking at 
the jacket in both strains supports the findings of Duncan and Wood-Gush 
(1971) that aggression is correlated with frustration in the laying hen. 
Pecking at the jacket clearly differed from preening because of the vigorous 
pecking and pulling at the fabric in the former. In the experiment of 
Duncan and Wood-Gush (1971) frustration-induced aggression was 
directed towards conspecifics. In our experimental circumstances this 
aggression was directed towards the jacket. Probably because of these high 
levels of pecking at the jacket we did not find an increase in the time the 
hens spent preening as reported by Duncan and Wood-Gush (1972). 
The White hens showed generally higher levels of key pecking than the 
Brown Warrens. Together with the finding that the White Leghorn strain 
displayed lower levels of gakel-calls in both conditioning situations this 
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could indicate a difference in behavioural strategy between the strains. It is 
known that comparable strains to the ones used here differ both 
behaviourally and physiologically in their reaction to aversive stimuli 
(Duncan and Filshie, 1979). They found that a light-hybrid strain, 
comparable to the White Leghorn strain, displayed a more active response 
upon a frightening stimulus compared to a medium-hybrid strain, similar 
to the Brown Warren strain. This medium-hybrid strain behaves more 
passively upon an aversive stimulus. It is suggested that this might be due 
to differences in behavioural strategies (Korte et al., 1997). They found 
evidence for the existence of possible different coping styles, as found in 
primates and rodents, in different types of laying hens. The findings in our 
experiment possibly suggest that the White Leghorn strain display a more 
active behavioural strategy upon frustration, whereas the Brown Warren 
strain shows a more passive coping strategy. 
In conclusion, both loss of predictability and loss of controllability in laying 
hens are expressed through higher levels of gakel-calls. However, contrary 
to our second hypothesis loss of predictability and loss of controllability 
did have the same effect on behaviour and vocalisations. The difference in 
levels of gakel-calls and key pecking between the White Leghorn and the 
Brown Warren strain might be ascribed to differences in behavioural 
strategies. This has consequences for the use of the gakel-call as possible 
measure of welfare. Whether the gakel-call can be used as a reliable 
indicator of welfare depends on the behavioural strategy of laying hens. 
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The vocal expression of feeding motivation and 
frustration in the domestic laying hen, 
Gallus gallus domesticus. 
ABSTRACT 
Thwarting of feeding behaviour in the laying hen results in an increase in 
stereotyped pacing, displacement preening and the gakel-call. These behaviours 
therefore reflect the frustration arousal caused by the thwarting of feeding 
behaviour. This raises the question whether the level of frustration varies also with 
the intensity of the motivation to perform the thwarted behaviour. This study 
investigated the relationship between the intensity of the motivation and level of 
frustration on the one hand and the gakel-call on the other hand. In Experiment 1 
the strength of the motivation to feed was varied by thwarting hens in their 
feeding behaviour in an operant procedure after different durations of food-
deprivation (0, 8, 23 and 47 hrs). Trend-analysis showed that with increasing 
hunger state an increasing number of gakel-calls was given. No effect of treatments 
on temporal characteristics of the gakel-call was found. In Experiment 2 the level of 
frustration was varied by reducing or increasing the duration of access to food for 
food-deprived hens compared to the duration of access during training. It was 
assumed that a shorter duration of access to food compared to training would elicit 
frustration, which in turn would affect the performance of behaviours indicative of 
thwarting. However, we found neither a relation between the number of gakel-
calls nor the temporal features of the gakel-call and the duration of access to food. 
Possibly the differences between treatments were not large enough to induce 
differences in frustration level. Also other factors that might have influenced the 
motivation are discussed. 
Submitted as: 
Zimmerman, P.H., Koene, P. and Van Hooff, J.A.R.A.M., (1999). The vocal 
expression of feeding motivation and frustration in the domestic laying hen, 




Welfare is the state of an animal in its attempt to cope with the 
environment (Broom, 1998). In order to keep a high level of welfare an 
animal will act in order to maintain homeostasis in its functional systems. 
For example, a discrepancy between the set point of the blood glucose level 
and the actual value of glucose in the blood may, with other internal and 
external stimuli, generate a motivational state of hunger. This motivational 
state of hunger elicits a behavioural reaction such as feeding behaviour by 
which the animal tries to minimise this discrepancy between set point and 
actual value. Thwarting of this feeding behaviour then will extend the 
unsatisfactory motivational state of hunger. A disturbance in the attempt to 
reach the set point and the resulting high motivation to act can be 
measured by behaviours indicative of frustration such as repeated attempts 
to perform the behaviour (Dawkins, 1980; 1990; Duncan, 1992; Fraser and 
Broom, 1997; Webster, 1994). Disturbed functioning can also be expressed 
through emotional expressions, such as vocalisations (Darwin, 1872). The 
expressions of the motivational state of an animal can give us an indication 
to what degree welfare is impaired. 
Before a vocalisation can give us an indication of a particular motivational 
state, first it must be clear which vocalisation provides reliable information 
about which motivational condition. Secondly, a change in the 
motivational state of the animal has to be reflected in some characteristics 
of the vocalisation (Weary and Fraser, 1995a, b). 
In laying hens it has been found that thwarting of feeding behaviour is 
expressed through a specific vocalisation, the gakel-call (Zimmerman and 
Koene, 1998). A gakel-call typically consists of an whining, elongated note, 
followed by a variable number of short notes. Thwarting of feeding 
behaviour is also known to elicit escape behaviours, an indication of the 
aversiveness of the situation, and subsequent stereotyped pacing (Duncan 
and Wood-Gush, 1972a, b). It is, however, not known whether the intensity 
of thwarting and the strength of the thwarted motivation to feed are 
reflected in the number of gakel-calls and temporal characteristics of this 
call. 
The first aim of this study was to investigate whether a change in 
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motivation to feed, induced by different durations of food deprivation, 
affects the gakel-call which is given in response to the thwarting of feeding 
behaviour. 
Besides deprivation, the incentive value of a reward is another determinant 
of motivation. According to Amsel (1992) frustration is "an aversive state 
that results from non-reward, reduced reward or delayed reward in the 
presence of a history of reward". This aversive state might affect the 
behaviours reflecting the frustration arousal resulting from the thwarting 
of feeding behaviour. In this way the level of frustration might be reflected 
in the number of gakel-calls and other temporal characteristics of this call. 
So, a second experiment was done to examine the relation between 
frustration and the gakel-call. 
In conclusion, we investigated the following research questions: Is an 
increasing duration of deprivation as a measure of increasing motivation to 
feed reflected in an increasing number of gakel-call during thwarting of 
feeding behaviour? Does an increased motivation to feed result in a change 
in mean length and number of elements per gakel-call? Furthermore, is an 
increasing intensity of frustration expressed in a higher number of gakel-
calls and a change in mean length and number of element per gakel-call? 
EXPERIMENT 1 
MATERIALS AND METHODS 
Animals and apparatus 
Sixteen non-naive hens, 8 Brown Warrens and 8 White Leghorn, from a 
previous experiment (Zimmerman and Koene, 1998) were used. In this 
earlier experiment the hens had been conditioned in a classical and operant 
procedure and after that been subjected to both a control and extinction 
session in a food context. In the present experiment the hens were housed 
individually in cages (139 x 50 x 50 cm) containing a nest and a dust box. 
Food (commercial poultry mash) and water were available ad libitum 
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outside the experimental treatments. The light period fell between 4.00 AM 
and 20.00 PM. 
A Skinnerbox was located in a sound-attenuated room next to the room 
where the hens were housed. This Skinnerbox was operated through a 
personal computer standing in the same room. 
Training procedure 
All hens were habituated to the Skinnerbox and the experimental 
environment during a total of 45 min on 3 consecutive days. Next, the hens 
were deprived of food for approximately 8 hrs and subjected to a number 
of sessions in which the instrumental response of key-pecking was shaped. 
After the shaping sessions the hens were deprived of food for 23 hrs and 
subjected to a series of 15-min conditioning sessions. In such a session a 
trial started with a variable time of 35 ± 10 sec, then a light was lit for 10 sec 
during which a hen could peck a key to make a food magazine come 
within reach and eat for 5 sec. A training session consisted of 
approximately 20 trials. All hens were subjected to one training session a 
day. A hen was considered to be trained sufficiently when it pecked the 
key and fed in all trials during three consecutive sessions. 
Testing procedure 
After training the 16 hens were subdivided in 4 groups and these were 
subjected to an extinction session after the following durations of food 
deprivation: 0 (treatment DepO), 8 (Dep8), 23 (Dep23) and 47 (Dep47) 
hours. The treatments were assigned to the groups in a balanced way. In an 
extinction session the food magazine was presented with a plexiglas cover. 
Thus the hens were thwarted in their feeding behaviour. For every hen one 
extinction session was run per day. Between extinction sessions hens were 
subjected to a training session in which they received a food reward in each 
trial to prevent a carry over-effect of one treatment on the subsequent on. 
The training and extinction sessions were carried out in the afternoon after 
the hens had laid their eggs. 
During the extinction sessions vocalisations were recorded on videotape 
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using an external microphone (Bandridge BMC 660) and a videorecorder 
(Panasonic AG-6200). From the videotape the gakel-calls were digitised 
with the Signal® software program (Engineering design, 1992). From those 
recorded gakel-calls that contained no background noise the mean 
duration, the mean number of notes and the mean length of the first four 
notes were determined with the Signal® software program. 
Statistical analysis 
A repeated measures analysis was used in the GLM-procedure in the SAS® 
statistical programme (SAS Institute, 1996) with strain, group and 
treatment as factors. A square-root transformation on the number of gakel-
calls was used to reach normality. With regard to the effect of treatment on 
gakel-calls, a polynomial transformation was used to take into account the 
quantitative values of the treatments of deprivation. Furthermore, a trend-
analysis was done to test whether a linear or quadratic relation existed 
between the duration of deprivation and the number of gakel-calls. 
The effect of strain, group and treatment on mean duration and number of 





No effect of strain or group on the number of gakel-calls was found. There 
was a significant effect of duration of deprivation (Fi,i4=12.21, P<0.001) on 
the number of gakel-calls. In treatment Dep47 the hens gave significantly 
more gakel-calls than in treatments Dep8 (P<0.05) and DepO (P<0.001) (Fig. 
1). Trend-analysis revealed a significant positive relationship between the 
duration of food deprivation and the number of gakel-calls; this concerned 
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Figure 1. Mean number of gakel-calls during extinction after different durations of food deprivation. 
Different letters indicate significant differences between treatments below the 0.5-level. 
A significant effect of treatment (F3,ii=3.09, P<0.05; fig. 2a) on the mean 
duration of a gakel-call was found. It was not possible to carry out trend-
analysis for the mean duration per gakel-call, because of the small number 
of hens (N=ll) that produced gakel-calls of sufficient sound quality. A 
post-hoc test showed that in treatment DepO the mean duration per gakel-
call was significantly longer than in treatment Dep47. A significant effect 
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Figure 2. A) Mean duration per gakel-call (ms) during extinction after different durations of food 
deprivation. B) Mean number of notes per gakel-call during extinction after different durations 




of treatment (F3,n=3.34, P<0.05; fig 2b) was also found on the mean number 
of notes per gakel-call. A post-hoc test showed that the gakel-calls in 
treatment Dep23 consisted of more notes than in treatment DepO. 
No significant correlation (Spearman rank correlation) was found between 
mean length and number of notes per gakel-call. 
DISCUSSION 
Thwarting of feeding behaviour induces more gakel-calls as the motivation 
to feed, manipulated by changing the time of food deprivation, is higher. 
However, an inequality between treatments might unintentionally have 
been introduced which could have affected the number of gakel-calls. The 
hens were trained on a 23-hr deprivation schedule. In treatment Dep47 the 
hens went into a Skinnerbox 24 hrs later than during training. The resulting 
frustration, caused by the delayed reward (Amsel, 1992), might have 
influenced the number of gakel-calls given in response to the thwarting of 
feeding behaviour. So, in treatment Dep47 the motivation to feed might 
have been affected not only by deprivation, but also by frustration induced 
by delayed reward. 
Next, experiment 2 was carried out to examine the relation between 
intensity of frustration and the gakel-call. 
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EXPERIMENT 2 
MATERIALS AND METHODS 
Animals and apparatus 
For this experiment 20 naive ISA Brown Warrens of 22 weeks of age were 
used. They were housed individually in the same cages as the hens in 
experiment 1. When not stated otherwise food mash and water were 
available ad libitum. The light period fell between 4.00 AM and 20.00 PM. 
Training procedure 
All hens were subjected to the same schedule of habituation and training as 
the hens in experiment 1 with the following exception that in experiment 2 
the hens were allowed to a 10-sec food reward unlike the 5-sec food 
reward provided in experiment 1. 
Testing procedure 
After training the hens were subdivided in four groups. Two hens were left 
out of the test because they failed to acquire the operant task. The hens of 
the four groups were all subjected to 4 conditioning sessions, which 
differed in the duration of access to food: 0 (FoodO), 3 (Food3), 10 (FoodlO) 
and 30 sec (Food30), in a randomised way. In the FoodO treatment the food 
magazine came within reach for 10 sec but was covered with plexiglas. The 
assumption was that treatments FoodO and Food3 would induce 
frustration, because of the reduction in reward (Amsel, 1992), whereas 
treatment FoodlO would create no frustration compared to the training. 
Treatment Food30 was assumed to be a bonus. 
The hens were subjected to one test session each day. Test session were 
carried out after 14.00 PM after all hens had laid their egg. Between test 
days hens were subjected to a training session to prevent an effect of a 
treatment on the subsequent one. 
Vocalisations were recorded on videotape. Gakel-calls were digitised with 
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the Signal® software programme (Engineering design, 1992). Again, from 
those recorded gakel-calls of good sound quality the mean duration and 
mean number of elements per gakel-call were calculated. 
Statistical analysis 
For each bird the mean number of gakel-calls per intertrial interval was 
calculated in order to correct the mean number of gakel-calls for the 
different number of trials in the different treatments. Since the test session 
in all treatments had the same duration and the same intertrial interval and 
because the duration of the food rewards differed between treatments, this 
meant that the mean number of trials also differed between treatments. 
The procedure used in the FoodO treatment unintentionally introduced an 
inequality with the other frustration treatment Food3. The mean length of 
intertrial intervals in both FoodO and Food3 treatment was the same. But 
by presenting a covered feeder during 10 sec in treatment FoodO the 
intertrial period, in which the food magazine was inaccessible, was actually 
extended for 10 sec compared to treatment Food3. It was decided then to 
compare treatment FoodO with FoodlO and, concerning the varying 
motivation to feed, make the comparison between treatments Food3, 
FoodlO and Food30. 
A repeated measures was used in the GLM-procedure in the SAS® (SAS 
Institute, 1996) statistical programme with group and treatments FoodO, 
Food3, FoodlO and Food30 as factors. Polynomial transformation was used 
to take into account the quantitative values of the food rewards. Trend-
analysis was carried out to investigate the nature of the relation between 
intensity of frustration and number of gakel-calls. 
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RESULTS 
No significant differences between groups concerning the number of gakel-
calls were found (Fi,i4=1.37, P=0.29). When testing the number of gakel-
calls in the treatments with the similar procedures (FoodO and FoodlO) a 
significant difference was found (Fi,i4=8.40, P<0.05). On average more 
gakel-calls were given between trials in treatment FoodO (Mean ± SEM: 
1.02 ± 0.1) than in treatment FoodlO (0.73 + 0.1). Repeated measures 
analysis revealed no statistically significant differences in mean number of 
intertrial gakel-calls between treatments Food3 (0.78 ± 0.1), FoodlO (0.73 ± 
0.1) and Food30 (0.89 ± 0.2). A trend analysis revealed no significant 
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Figure 3. Mean number of gakel-calls in the test sessions with different durations of the food reward. 
Different letters indicate significant differences between treatments. 
No statistically significant effect of group or treatment were found on 
either mean duration or number of elements per gakel-call (Table 1). No 
statistically significant correlation (Spearman) existed between the mean 
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length and number of notes per gakel-call. 
Table 1. Mean duration and mean number of notes per gakel-call (mean ± SEM) in the treatments 
FoodO, Food3, Food 10 and Food30. 
FoodO Food3 Food 10 Food30 
Mean duration (ms) 849 ±71 939 ± 64 1020 ±96 848 ± 45 
Mean no. of notes 1.3 ± 0.1 1.4±0.1 1.4±0.1 1.4 ± 0.1 
DISCUSSION 
A higher number of gakel-calls was recorded when the hens had no access 
to food as compared to 10 sec access to food. So, nonreward in a situation 
that previously had been rewarded resulted in a higher number of gakel-
calls, as has been found before (Schenk et al. 1983; Zimmerman and Koene 
1998). 
We assumed that the intensity of frustration decreased from treatment 
FoodO, Food3, FoodlO to Food30 and that intensity of frustration was 
related to the expression of the thwarting response. So, we expected the 
hens to give the highest number of gakel-calls in treatment Food3 and to 
show a linear decrease from FoodlO to Food30. We expected treatment 
Food30 to produce the lowest number of gakel-calls. However, such linear 
relationship between treatment and the number of gakel-calls was not 
found. An explanation for the fact that we did not find a relation between 
intensity of frustration and the number of gakel-calls is that the differences 
in the intensity of frustration were too small to influence the number of 
gakel-calls. An alternative explanation for the lack of a difference in the 
number of gakel-calls between treatments Food3, FoodlO and Food30 is the 
phenomenon of positive feedback of feeding (Wiepkema, 1971). This 
positive feedback of feeding, in the initial phase of a feeding bout, on the 
motivation to feed may have counteracted the effect of frustration; in the 
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longer food-access treatments this effect might have been stronger. 
However, we can probably reject this interpretation because positive 
feedback of feeding has never been found in the domestic hen, at least not 
in chicks (Clifton, 1979). 
In conclusion, frustrative nonreward in a situation that previously was 
rewarding results in a higher number of gakel-calls. No relation between 
the level of frustration and the number of gakel-calls was found. This could 
be ascribed to the possible too small differences in the intensity of 
frustration between treatments. Also positive feedback of feeding might 
have counteracted the effect of frustration on the number of gakel-calls. 
Future experiments should include greater differences in the intensity of 
frustration and take into account a possible positive feedback of feeding in 
investigating the quantitative relationship between the level of frustration 
and the number of gakel-calls. 
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Thwarting of behaviour in different contexts and the 
gakel-call in the laying hen, Gallus gallus domesticus. 
ABSTRACT 
Earlier studies have shown that a specific laying hen vocalisation, given upon 
thwarting of feeding behaviour, can be considered an expression of frustration. In 
order to be able to use the gakel-call as an indicator for frustration in general it 
should be examined whether the occurrence of gakel-calls is restricted to the 
motivation to feed. In this study we investigated whether the gakel-call is 
associated with frustration in the food context or whether it can be regarded as an 
expression of frustration in general. For this purpose 20 hens were rewarded 
during a number of 15-min sessions with access to food, water and dustbath at a 
certain time after they had been deprived of these commodities. After this they 
were thwarted in the associated behaviours by blocking the access to these 
commodities. At the moment the hens expected the reward to which they had been 
trained, only the cue announcing the reward but no actual access to the reward 
was given. This way we hoped to induce a state of frustration in the hens. We then 
recorded behaviours which might reflect the state of frustration. We did so in three 
15-min periods: 'Pre-frustration' started 15 min before 'Frustration'. This, in turn, 
was followed by the period "Post-frustration" in which the hens were finally 
rewarded. Nesting behaviour was thwarted by blocking the access to the nest 
(period Frustration) after a hen had reached the last stage of its pre-laying 
behaviour. In the treatments Water, Dust and Nest more gakel-calls were given in 
period Frustration than in period Pre-frustration, indicating an effect of the 
thwarting on the occurrence of the gakel-call. In period Frustration significantly 
more gakel-calls were given in treatment Nest than in the other treatments. This 
latter finding is discussed in the light of the occurrence of the gakel-call under 
natural circumstances. In conclusion, in general thwarting of behaviour and the 
state of frustration seem to be reflected in a higher number of gakel-calls. 
Submitted as: 
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In domestic laying hens an increase in behaviours such as stereotyped 
pacing, displacement preening and the occurrence of a specific 
vocalisation, the gakel-call, is associated with thwarting of feeding (Duncan 
and Wood-Gush, 1972a, b; Schenk et al., 1983; Zimmerman and Koene, 
1998), dustbathing (Koene and Wiepkema, 1991) and nesting behaviour 
(e.g. Meijsser and Hughes, 1983; Schenk et al., 1983; Freire et a l , 1996). If 
we define animal welfare as the state of the animal regarding its attempt to 
fulfil its needs (Broom, 1996) then we may expect that the thwarting of a 
behaviour negatively affects the welfare state of an animal. Behaviours 
which are given in response to the thwarting of a behaviour can be used as 
indicators of the state of frustration and may, therefore, qualify as 
measures of welfare (Dawkins, 1990; Duncan, 1992). A number of studies 
suggest that the gakel-call is given in reaction to the thwarting of behaviour 
and probably is an expression of frustration (Meijsser and Hughes, 1983; 
Schenk et al., 1983; Koene and Wiepkema, 1991; Zimmerman and Koene, 
1998). 
Under natural conditions it is described that a female hen, which is about 
to leave the group to find a suitable nest site, utters the gakel-call. As a 
rule, the dominant male responds to the gakel-call by escorting the female 
hen to a nest site (McBride et al., 1969; Thornhill, 1988). The advantage for 
the female of the presence of the male probably is a better protection 
against predators, while the male might benefit by the chance to copulate 
with the female on the way back to the group (McBride et al., 1969; 
Thornhill, 1988). But the occurrence of the gakel-call is not restricted to the 
pre-laying context (Baumer, 1962; Meijsser and Hughes, 1983; Schenk et al., 
1983). The first aim of the present study was to investigate whether 
frustration, following the thwarting of a behaviour, results in a higher 
number of gakel-calls. Frustration has been defined as an aversive 
motivational state that results from nonreward in a situation that 
previously was rewarding (Amsel, 1992). For our purpose hens were 
thwarted in their feeding, drinking, dustbathing and nesting behaviour in a 
situation in which they previously had access to these commodities. 
Furthermore, we examined whether the various contexts of thwarting 
affected temporal characteristics of the gakel-call in different ways. Schenk 
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et al. (1983) found some indication that an increasing deprivation of 
dustbath results in a higher number of gakel-calls given in response to the 
thwarting of dustbathing behaviour. He also found that these gakel-calls 
also tended to be longer in duration and consist of fewer notes. So, an 
increase in the level of frustration may be reflected in temporal 
characteristics of the gakel-call. 
We formulated the following research questions: Is a state of frustration, 
arising from the thwarting of behaviour in different contexts (feeding, 
drinking, dustbathing and nesting), expressed in a higher number of gakel-
calls and other behaviours indicative of frustration? Are there any 
differences between the contexts of thwarting in the number and temporal 
characteristics of gakel-calls? 
MATERIALS AND METHODS 
Animals and housing 
Twenty laying hens, 10 ISA Brown Warrens and 10 ISA White Leghorns, of 
23 weeks old were housed individually in cages (139 x 50 x 50 cm; L x W x 
H). The cages were positioned in a row, approximately 15 cm apart. The 
front and top side of a cage were made of wire-netting and the sides 
adjacent to the other cages contained a small wire-netting window (20 x 20 
cm). Hens could have visual and auditory contact with other hens, and the 
side-windows allowed neighbouring hens to have tactile contact. Each cage 
contained a nest (39 x 50 x 40 cm) and dust area (50 x 50 cm). Food 
(commercial pellets) and water were freely available outside experimental 
treatments. The light period fell between 2.00 AM and 18.00 PM. 
Training and testing 
The 20 hens were subdivided in 4 groups containing either 3 Brown 
Warrens and 2 White Leghorns or the reverse. All groups were thwarted in 
their feeding (Food), drinking (Water), dustbathing (Dust) and nesting 
(Nest) behaviour in a randomised way. The procedure for training and 
testing in the treatments Food, Water and Dust was as follows. The hens 
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were deprived of food or water for 23 hours prior to training and testing by 
closing the feeder or drinker. Twenty-three hours of food deprivation had 
appeared to be sufficient to elicit an increase in gakel-calls and other 
behaviours indicative of frustration (Zimmerman and Koene, 1998). Hens 
normally take a dustbath every two days (Vestergaard, 1982), so we 
figured that 23 hr dust deprivation would not be sufficient. Therefore, the 
dust area was covered up with a wooden lid for 72 hours. After 
deprivation the hens were trained to get access to food, water or dust at a 
fixed time on 4 consecutive days. The feeder and drinker then were opened 
during 45 min. Because a dustbathing cycle under unrestricted 
circumstances typically lasts about 30 min (Vestergaard, 1982) during 
training the hens were accustomed to receive 15 min access to the dust 
area. Fifteen minutes access to dust was short enough to maintain the need 
of a hen to perform dustbathing behaviour on the consecutive training and 
test days. After 4 training days a test day followed. A test session in all 
treatments lasted 45 min and was subdivided in three 15 min periods: 
Pre-frustration: This period started 15 min before the time the hen 
expected to receive access to one of the commodities; 
Frustration: At the start of this 15 min period feeder, drinker or dust 
area were opened and immediately closed again; 
Post-frustration: Feeder, drinker and dust area were opened. 
Training and testing were carried out from 12.00 hr onwards after all hens 
had laid their egg. 
The procedure of training and testing in the treatment Nest was different 
from the other treatments. Egg-laying occurs in a 25 hour cycle and 1-2 hrs 
before egg-laying hens typically are engaged in pre-laying or nesting 
behaviour (McBride et al., 1969; Wood-Gush and Gilbert, 1969). The hens 
perform a number of nest inspections before she finally settles on the nest. 
Because it was impossible to predict the precise time of nesting behaviour, 
it would be very impracticable to train hens to have access to the nest at a 
certain time and then block this access during testing. This was the reason 
we thwarted the last stage of pre-laying behaviour in which the hen finally 
settled on the nest. For this purpose, the hens of a group were scanned on 2 
consecutive days, every 30 min from the onset of the light period, to 
determine the approximate time of oviposition. On the third day a hen that 
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had entered a nest was observed for 15 min (Pre-frustration) and after that 
pushed off the nest and the nest box was closed for 15 min (Frustration). 
After 15 min the nest was opened again (Post-frustration). 
The durations of deprivation used in the different treatments were chosen 
arbitrarily, but we expected that they would in our opinion would 
motivate the animals sufficiently to perform the behaviour when being 
thwarted. So, although we were not able to precisely assess the intensity of 
thwarting in the different treatments, we assumed that the intensities 
would not differ too much. 
During the three experimental periods the number of gakel-calls and 
alarm-cackles were recorded. Furthermore, the durations of stereotyped 
pacing (Duncan and Wood-Gush, 1972b), displacement preening (Duncan 
and Wood-Gush, 1972a) and number of escape attempts were recorded. 
We defined an escape as the hen sticking its head out the front of the cage, 
through the wire, while moving its body back- and forwards. 
Gakel-calls were digitised using Signal® software. From gakel-calls that 
were not disturbed by background noises, the mean duration, the mean 
number of notes and the mean duration of the first note were determined. 
Statistical analysis 
We used a repeated measures analysis in the GLM-procedure in the SAS® 
statistical program (SAS Institute, 1996) with strain, group and treatment 
as factors. Whenever a significant effect of one of the factors was found, a 
post-hoc test (LSMEANS) was carried out to find the statistical differences 
between the levels of a factor. 
The effect of strain, group and treatment on mean duration and number of 





During the treatment Food the number of gakel-calls in period Frustration 
was not significantly higher than in period Pre-frustration (ANOVA: 
Fi,i7=2.60, P=0.13; Fig. 1). Also there were no significant differences 
concerning the number of cackles (Mean ± SEM: Pre-frustration: 0.1 ± 0.1 
vs. Frustration: 1.0 ± 0.5) and escape attempts (Pre-frustration: 9.6 ± 2.4 vs. 
Frustration: 11.6 ± 3.9) between the periods Frustration and Pre-frustration 
in treatment Food. In the period Frustration the time spent in stereotyped 
pacing was significantly less than in period Pre-frustration (Pre-frustration: 
299 ± 42.4 vs. Frustration: 240 ± 41.1; ANOVA: Fi,i7=13.46, P<0.01). No 
significant difference in the duration of displacement preening was found 
between the periods Pre-frustration and Frustration (Pre-frustration: 15.6 ± 
14.5 vs. Frustration: 44.8+ 12.3). 
In the treatment Water the hens gave significantly more gakel-calls in 
period Frustration than in period Pre-frustration (ANOVA: Fi,i7=4.90, 
P<0.05; Fig. 1). We found no significant differences between period Pre-
frustration and Frustration in the number of cackles (Pre-frustration: 0.8 ± 
0.4 vs. Frustration: 0.6 ± 0.5), escape attempts (Pre-frustration: 11.3 ± 3.1 vs. 
Frustration: 8.8 ± 2.2) and the duration of pacing (Pre-frustration: 285 ± 39.7 
vs. Frustration: 300 ± 46.3) and preening (Pre-frustration: 16.8 ± 6.4 vs. 
Frustration: 7.3 ± 2.2). 
In the treatment Dust hens gave significantly more gakel-calls in period 
Frustration than in period Pre-frustration (ANOVA: Fi,i7=5.18, P<0.05; Fig. 
1). They spent significantly less time pacing in period Frustration than in 
period Pre-frustration (Pre-frustration: 157 ± 25.2 vs. Frustration: 104 + 
11.2; ANOVA: Fi,i7=5.86, P<0.05). No significant differences were found in 
the number of cackles (Pre-frustration: 0.6 ± 0.3 vs. Frustration: 0.3 + 0.1), 
escape attempts (Pre-frustration: 2.9 + 1.1 vs. Frustration: 1.1 ± 0.3) and the 
duration of displacement preening (Pre-frustration: 8.8 ± 3.6 vs. 
Frustration: 16.1 ± 6.0). 
In the treatment Nest significantly more gakel-calls were given in period 
Frustration than in period Pre-frustration (ANOVA: Fi,i7=30.83, P<0.001; 
Fig. 1). Also the hens gave significantly more cackles (Pre-frustration: 0.0 ± 
0 vs. Frustration: 8.0 ± 3.2; ANOVA: F1,i7=6.07, P<0.05) and performed more 
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escape attempts (Pre-frustration: 0.0 ± 0 vs. Frustration: 11.4 ± 2.5; 
ANOVA: Fi,i7=22.03, P<0.001) in the period Frustration than in the period 
Pre-frustration. Furthermore, more time was spent on pacing (ANOVA: 
Fi,i7=84.79, P<0.001) and displacement preening (ANOVA: Fi,i7=13.25, 
P<0.01) in period Frustration (duration of pacing: 306± 32.7; duration of 
preening: 29.8 ± 7.4) than in period Pre-frustration (pacing: 0.0 ± 0; 
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Figure 1. The mean number of gakel-ealls in the three experimental periods in all treatments. Signs 
indicate the level of significance of the difference between period Pre-frustration and 
Frustration; NS non-significant, * P<0.05, *** P<0.00\. 
The number of gakel-calls given in period Frustration was significantly 
higher in the treatment Nest than in the other three treatments (ANOVA: 
Fi,i7=15.84, P<0.001). The number of gakel-calls given in period Frustration 
did not differ between treatments Food, Water and Dust (Fig. 1). The 
number of alarm-cackles given in period Frustration was significantly 
higher in the treatment Nest than in treatment Dust (ANOVA: Fi,i7=3.80, 
P<0.05; Table 1). Significantly more escape attempts were performed in 
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period Frustration in the treatments Food and Nest than in the treatment 
Dust (ANOVA: Fi,i7=4.10, P<0.05; Table 1). The time the hens spent pacing 
in period Frustration was significantly lower in the treatment Dust than in 
the other three treatments (ANOVA: TU7=16.79, P<0.001; Table 1). The 
duration of displacement preening in period Frustration did not differ 
between treatments (Table 1). 
Table 1. The mean number of alarm-cackles, escape attempts and the mean duration of stereotyped 
pacing and displacement preening in all the treatments in period Frustration. Different letters 
indicate differences between the treatments. 
Food Water Dust Nest 
No. of alarm-cackles 1.0±0.5ab 0.6±0.5ab 0.3 ± 0.1 b 8.0 ± 3.2a 
No. of escape attempts 11.6 ± 3.9 b 8.8 ± 2.2 a 1.1 ± 0.3 a 11.4 ±2 .5 " 
Duration of pacing (s) 240 ± 41 a 300 ± 46 a 104 ± 11 b 306 ± 32 a 
Duration of displ. preening (s) 44.8 ± 12.3 a 7.3 ± 2.2 a 16.1 ± 6.0 a 29.8 ± 7.4 a 
We found a significant effect of treatment on both the mean length per 
gakel-call (ANOVA: Fi,i6=6.41, P<0.001; Fig. 2A) and the mean number of 
notes per gakel-call (ANOVA: Fi,i6=13.84, P<0.001; Fig. 2B) in period 
Frustration. Both mean length and number of notes per gakel-call were 
significantly higher in treatment Nest than in treatments Water and Dust. 
No effect of treatment was found on the length of the first note (Fig 2C). 
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Figure 2. A) Mean duration per gakel-call (msec) in the period Frustration in the different contexts. B) 
Mean number of notes per gakel-call in the period Frustration in the different contexts. C) 
Mean duration of the first note (msec) in the period Frustration in the different contexts. 
Different letters indicate significant differences between treatments. 
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No significant positive correlation (Spearman rank correlation) between 
mean length and number of notes per gakel-call was found in any of the 
treatments. A significant positive correlation between the length of the first 
note and the total length per gakel-call was found in treatment Dust 
(r=0.78/ P<0.05). This tended to be the case in treatment Water (r=0.67, 
P=0.9). 
DISCUSSION 
The present experiment shows that hens, which are being thwarted in their 
drinking and dustbathing behaviour, give more gakel-calls when they are 
frustrated by not rewarding them in a previously rewarding situation than 
when they are thwarted but do not expect a reward. This finding suggests 
that not only the mere thwarting of behaviour is expressed in a higher 
number of gakel-calls but that also the expectation of reward is important. 
Because the procedure in the treatment Nest differed slightly from the 
other treatments this conclusion cannot be drawn for nesting behaviour. 
In the period Frustration the number of gakel-calls was higher in the 
treatment Nest than in the other treatments. This might mean that in this 
treatment the level of frustration was higher. However, this is not 
supported by higher levels of other behaviours indicative of frustration in 
treatment Nest compared to the other treatments. An alternative 
explanation for the higher number of gakel-calls in treatment Nest is 
suggested by the occurrence of the gakel-call under natural circumstances. 
The gakel-call is given before oviposition and probably has evolved as a 
signal towards the rooster (McBride, 1969; Thornhill, 1988). According to 
Meijsser and Hughes (1983) the performance of the gakel-call is related to 
finding a suitable nest site, also under husbandry conditions. Another 
explanation is offered by the motivational model proposed by Wiepkema 
(1987). It implies that the gakel-call under these circumstances is an 
emotional expression of the detection of a mismatch between actual ("no 
nest site found") state and desired state ("find a suitable nest site") and is 
an indication of frustration. Both oviposition and the detection of a 
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mismatch could at the same time contribute to the occurrence of gakel-
calls. The surplus of gakel-calls in the treatment Nest compared to the 
other treatments might be the gakel-calls specifically related to oviposition. 
This latter finding might account for the difference in temporal 
characteristics of gakel-calls between treatment Nest and the treatments 
Water and Dust. Gakel-calls in the treatment Nest lasted longer and 
consisted of more notes than in the treatments Water and Dust. Schenk et 
al. (1983) found that the mean duration of a single gakel-call was longer 
when dustbathing was thwarted stronger by longer deprivation. But from 
the present we cannot say anything conclusive about the relation between 
the number of gakel-calls and their temporal characteristics on the one 
hand, and the intensity of thwarting in the different treatments on the 
other. 
We can conclude from this study that the higher number of gakel-calls 
resulting from the thwarting of nesting behaviour cannot simply be 
ascribed to a higher level of frustration in this context than in other 
contexts. The gakel-calls in the treatment Nest is probably given both in 
response to the thwarting of nesting behaviour and to the performance of 
pre-laying behaviour. A final general conclusion can be drawn, namely 
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The audience-effect and social facilitation of the gakel-
call in the laying hen, Gallus gallus domesticus. 
ABSTRACT 
When thwarted in a behaviour, laying hens show an increase in stereotyped 
pacing, displacement preening and a specific vocalisation, the gakel-call. However, 
it is not known how the occurrence of these behaviours, which might serve as 
indicators of welfare, is influenced by the presence of an audience (bird or human 
audience). This study investigated the effect of an audience on the expression of 
the gakel-call and other behaviours indicating frustration. Twenty-four Lohman 
brown hens were trained to get free access to food in a test cage. Sixteen hens were 
used as test birds, 8 as non-test audience birds. The food-deprived test hens were 
tested for 15 min in a non-thwarting situation and a thwarting situation (food 
covered). For both situations we had four different treatments; the test bird was 
alone, the test bird had the company of a non-thwarted audience bird, of a 
thwarted audience bird, or of a human audience. During thwarting the durations 
of stereotyped pacing and displacement preening were significantly higher in test 
and non-test birds and birds also gave significantly more gakel-calls compared to 
the non-thwarting treatments. Depending on the type of treatment different 
frustration behaviours either were stimulated or inhibited. Both test and non-test 
birds gave more gakel-calls when thwarted in the presence of a thwarted bird than 
when with a non-thwarted bird. In conclusion, thwarting of feeding behaviour 
leads to an increase in the number of gakel-calls and other behaviours indicative of 
frustration. Furthermore, the gakel-call, but not other frustration behaviour, is 
affected by social facilitation. The functional significance of this finding is 
discussed. 
Submitted as: 
Zimmerman, P.H., Lundberg, A., Keeling, L.J. and Koene, P., (1999). 
The audience-effect and social facilitation of the gakel-call in the laying 




Frustration has been defined as "an aversive motivational state that results 
from non-reward, reduced reward or delayed reward in the presence of a 
history of reward" (Amsel, 1992). Frustration in the laying hen has been 
well-studied (e.g. Duncan and Wood-Gush, 1971, 1972a, b; Wood-Gush, 
1972; Duncan and Wood-Gush, 1974; Jones, 1989). These studies all applied 
the thwarting of behaviour to induce a state of frustration and focused 
mainly on the behavioural effects of frustration. Thwarting of feeding 
behaviour in laying hens is found to increase the occurrence of 
displacement preening and stereotyped pacing (Duncan and Wood-Gush, 
1972b). Stereotyped pacing is thought to originate from escape movements 
that become fixated in the bird's behavioural repertoire (Duncan and 
Wood-Gush, 1974). From these studies it is also concluded that thwarting 
of a behaviour is aversive to laying hens (Duncan and Wood-Gush, 1972b, 
1974). 
Other studies have focused on vocalisations of laying hens that might 
indicate frustration (Schenk et al., 1983; Koene and Wiepkema, 1991; 
Zimmerman and Koene, 1998). Baumer (1962) described a call named 
'Gakeln' that in his opinion not only indicated the hen's readiness for egg-
laying (hence the label "Legelaut" by Schjelderup-Ebbe (1922) and 
"(pre)laying-call" by Konishi (1963) and Wood-Gush (1971)), but in general 
indicated a behavioural need. Under natural conditions the gakel-call can 
be heard before the hen leaves the group to lay her egg (McBride et al., 
1969; Folsch and Vestergaard, 1981; Thornhill, 1988). The exact stimuli that 
elicit the gakel-call remain obscure (Wood-Gush and Gilbert, 1969).The 
gakel-call has been described to elicit a reaction by the dominant male, who 
escorts the hen to a suitable nest site away from the group. The benefit for 
the female might then be protection from predators. The male may benefit 
by obtaining the opportunity to mate with the female on the way back to 
the group after egg-laying (McBride et al., 1969; Thornhill, 1988). Study of 
the nesting behaviour of domestic laying hens has shown that the gakel-
call is under the control of oestrogen. Lesion of the ventral hyperstriatum 
influences the appetitive part of nesting behaviour but does not affect the 
gakel-call (Wood-Gush and Gentle, 1978). 
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Increases in the performance of gakel-calls have been noted also in other 
contexts than the pre-laying situation. Schenk et al. (1983), Koene and 
Wiepkema (1991) and Zimmerman and Koene (1998) found an increase in 
the number of gakel-calls upon thwarting of feeding behaviour. Thwarting 
of pre-laying behaviour (Meijsser and Hughes, 1983; Schenk et al., 1983) 
and dust-bathing behaviour (Koene and Wiepkema, 1991) also resulted in a 
higher number of gakel-calls. Furthermore the duration of food- and 
dustbath-deprivation seemed to be reflected in the number of gakel-calls 
(Schenk et al., 1983; Koene and Wiepkema, 1991; Unpublished data, P.H. 
Zimmerman and P. Koene). So, the gakel-call is not only related to the 
thwarting of behaviour but also seems to convey information about the 
intensity of frustration. 
Motivation is the state of an animal, caused by internal or external 
proximate stimuli, which is likely to produce changes in overt behavioural 
activities. The motivational state of an animal, when thwarted in a 
behaviour, can become evident in repeated attempts to perform the 
behaviour, in displacement activities such as preening and scratching, in 
escape behaviours such as stereotyped pacing or in vocalisations (Duncan 
and Wood-Gush, 1972a, b; Dawkins, 1980; 1990; Duncan, 1992; Fraser and 
Broom, 1993; Weary and Fraser, 1995a, b). Thwarting a behaviour involves 
an accompanying unsatisfied motivational state (Fraser and Duncan, 1998). 
The prolonged thwarting of a behaviour, the performance of which would 
have satisfied certain behavioural needs of the animal, may have a negative 
impact on the welfare of an animal welfare by preventing it from reaching 
the set point of one of its functional systems. For example, the thwarting of 
feeding behaviour sustains a too low level of glucose in the blood which 
results in a prolonged negative hunger state. The gakel-call, as an indicator 
of frustration then might serve as an additional indicator of welfare in 
laying hens (Zimmerman and Koene, 1998). However, if a conspecific 
influences the occurrence of this call such as by an audience effect or by 
social facilitation then this might have consequences for the use of the 
gakel-call as an indicator of frustration. It should then be investigated 
whether a change in the number gakel-calls truly reflects a change in the 
level of frustration. 
The influence of a bird audience on laying hen vocalisations such as the 
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food-call and alarm-call has been extensively studied (Gyger et al., 1986; 
Gyger and Marler, 1988; Evans and Marler, 1991,1992; Evans et a l , 1993a, 
b; Evans and Marler, 1994). They found that depending on the type of 
audience, i.e. male or female, same or different species, the production of 
food-calls and alarm-calls can be either stimulated or inhibited. The effect 
of a human audience on laying hen vocalisations in general is not well 
documented. Humans can act as a fearful stimulus for domestic hens (for a 
review, see Duncan, 1992). On the other hand, it appears that regular 
handling of birds is a reliable and potent method of reducing the fear of a 
hen towards humans (Jones, 1993,1994). Because in poultry husbandry the 
appearance of a human is often a signal that food is about to arrive, one 
can imagine that the gakel-call, as an indicator of the frustration, can 
equally well be directed towards a human audience. 
Social facilitation has been described as "an increase in the frequency or 
intensity of responses already in an animal's repertoire, when shown in the 
presence of others engaged in the same behavior at the same time" 
(Clayton, 1978). Social facilitation is to be distinguished from an audience 
effect, where a behaviour is influenced by the mere presence of an 
audience. In laying hens feeding (Tolman and Wilson, 1965; Keeling and 
Hurnik, 1993; Forkman et al., 1994; Keeling and Hurnik, 1996), drinking 
(Forkman, 1996) and dustbathing behaviour (Duncan et a l , 1998) have 
been found to be affected by social facilitation. To our knowledge social 
facilitation of vocalisations has not been described before. 
Nowadays, laying hens are generally housed in single sex groups. So, we 
investigated the effect of the presence of a female hen audience on the 
behaviour and vocalisations of other female hens when these were 
thwarted in their feeding behaviour. We tried to separate the audience-
effect and the social facilitation-effect in our experiments by investigating 
the influence on the frustration responses of, on the one hand, the mere 
presence of another hen or a human audience, and, on the other hand, the 
presence of a similarly thwarted female hen. The following research 
questions were formulated: Does the mere presence of an audience (bird or 
human) affect behaviour and vocalisations, indicative of frustration, during 
thwarting of feeding behaviour? Are these behaviours and the gakel-call 
affected by social facilitation? 
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METHODS 
Animals and test conditions 
We used 24 Lohman Brown hens that were 47 weeks of age when the 
experiment started. We subdivided the hens in two groups of 12 hens each. 
Each group was housed in a litter pen that measured 3.0 m x 1.5 m x 2.0 m 
(1 x w x h) with a feeder, a drinker, perches and a communal nest-box. 
When not stated otherwise, the hens had pelleted food and water available 
ad libitum. The light period fell between 07:30 h and 19:30 h. Eight hens of 
a group served as test hens. As non-test hens we selected four individuals 
of average weight and with average plumage condition from each group. 
In the remaining part of this paper we will refer to the non-test hens as 
either audience birds, in the treatments used to study the audience-effect, 
or as stimulus birds, when studying social facilitation. 
In a test room two wire-mesh cages were standing on a table. The adjacent 
sides of both cages were made of plexiglass. At the front side a feeder and 
a drinker were attached to the outside of each cage. A hen could reach food 
and water through two holes in the wire mesh (see Fig. 1). 
A T-shaped wooden barrier was hanging from the ceiling and, when 
lowered, prevented birds from seeing the type of treatment before a 
training or test session started. When lowered this barrier also prevented 
the test and non-test birds to see the feeder and drinker. 
From the ceiling, two directional microphones were hanging above the 
cages. Both microphones were connected to a Canon UC20 video-8-camera, 
that was positioned 1.85 m away from the cages at the side of the feeders. 
Picture and sound were recorded onto video-tape (Salerna SV900). 
Experimental procedure and treatments 
We first habituated all hens to the test room and test cages by placing them 
for 30 minutes in one of the cages on two consecutive days. During these 
two sessions the experimenter put food in the feeders to indicate the 
location of the food and lowered and pulled up the barrier twice. After 
habituation the training period started. 
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Figure 1. Picture of the two test cages. 
During training we food-deprived all hens in one group by taking out the 
feeder at 19:00 h the day before training. For every hen two training 
sessions of 15 minutes were run per day, one in the morning and one in the 
afternoon. The 12 hens of a group were always trained in the same order. 
The procedure for training and testing was that the experimenter took a 
hen out of its home pen, carried it to the test room, put it in the test cage, 
then pulled up the barrier, after which the hen was allowed to feed for 15 
minutes. Test hens were subjected to 3 different training sessions: 
individual training, training with a non-test bird and training with a 
stimulus human. The non-test birds got all their training from their 
sessions with test hens and were thereby always together with another bird 
both during training and during tests. We considered the hens to be 
sufficiently trained when on 3 consecutive afternoon training sessions all 
hens started feeding immediately after the barrier had been pulled up. All 
hens met this criterion after a total of 9 sessions. 
During testing the test hens were subjected to 8 different treatments as 
shown in Table 1. 
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Table 1. Treatments of the test birds during testing. 
Condition of the test hen 








Type of treatment 
1. Empty cage 
2. Non-thwarted non-test 
hen 
3. Thwarted* non-test hen 
4. Human audience 
5. Empty cage 
6. Non-thwarted non-test 
hen 
7. Thwarted non-test hen 






















* Thwarting of feeding behaviour for both test and non-test hens consisted of the feeder being 
covered with plexiglass. In the non-thwarting treatment the hens had free access to food during 
the 15-min session. Contrasts A-D represent the comparisons between specific treatments. The 
treatments with a minus sign are compared with the treatments with a plus sign (see also 
Statistical analysis). 
The 8 test hens were assigned to the 8 treatments according to a balanced 
design to prevent an effect of the order of treatments. A test day was 
divided into 8 timeperiods containing the 8 different treatments. The test 
procedure was the same as the training procedure. After having placed the 
test hen in the test cage the experimenter returned to the pen, collected the 
non-test bird, returned again to the test room and put the non-test hen in 
the adjacent cage. When a test bird was going to be tested without an 
audience the experimenter still returned to the pen and walked back to the 
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test room to prevent the test hens from getting clues about the type of 
treatment before the test session started. After the non-test bird was placed 
in the cage or after this was shammed, the video-recording was started, the 
barrier was lifted and the experimenter left the room. In the case of a 
human stimulus the experimenter stayed in the room on the side of the 
adjacent cage. The human wore the same clothing (type and colour) during 
training and testing as during the normal feeding and taking care of the 
hens. 
The following behaviours of the hens were regarded as potential indicators 
of the thwarted motivational state of the hens and recorded continuously: 
the number of gakel-calls, the number of alarm-cackles (Collias, 1987), 
head-flicks and yawns (Kruijt, 1964). Yawning is a comfort behaviour that 
occurs also in conflict situations (Kruijt, 1964) and head-flicking is an 
alertness response in a situation inducing increased attention (Hughes, 
1983). Also the duration of stereotyped pacing was recorded (Duncan and 
Wood-Gush, 1972b). Furthermore, the time a hen spent 'interacting' with 
the feeder (i.e. head in feeder in the non-thwarting treatment and looking 
through or pecking at the plexiglass in the thwarting treatment) was 
studied. The time it spent trying to escape through the hole in the wire (i.e. 
the bird moving back and forth with head and neck through the hole, 
sometimes with one foot in the wire) was also recorded. The duration of 
preening directed at the breast and neck as an indicator of displacement 
preening (Duncan and Wood-Gush, 1972a) and the duration of preening at 
other parts of the body were recorded. 
Statistical analysis 
We used the GLM procedure in SAS (SAS Institute, 1996) to do an analysis 
of variance. When necessary the data were square root-transformed to 
obtain normality. We first tested whether there was a significant effect of 
the factors group, timeperiod (ranging from 1 to 8), weight of the birds and 
carry over (factor that tested for an effect of a particular treatment on the 
subsequent one). After this we tested the effect of the factors hen and 
treatment on the dependent variables described in the previous section. 
When a significant effect of treatment was found we used the Contrast 
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Statement to compare the means of specific treatments. 
After we had tested that no significant differences within the non-
thwarting and within the thwarting treatments existed, we combined the 
thwarting treatments and statistically compared them to the lumped non-
thwarting treatments to test the effect of the thwarting of behaviour 
(contrast A in table 1). To investigate the audience-effect we first tested that 
no significant differences within the audience and within the non-audience 
treatments existed. After this, we statistically compared the combined 
audience treatments to the non-audience treatments (contrast B in table 1). 
In search for signs of social facilitation in the test birds we investigated 
whether a non-thwarted test bird showed higher levels of a frustration 
behaviour when tested with a thwarted stimulus bird engaged in the same 
behaviour than when the same test bird was tested with a non-thwarted 
stimulus bird (contrast C in table 1). We also tested whether both test and 
stimulus birds showed a significant increase in the same behaviour in the 
treatment in which they were both thwarted compared to the treatment in 
which test birds were thwarted and stimulus birds were non-thwarted 
(contrast D in table 1). 
RESULTS 
The effect of thwarting 
We found a significant effect of group on the number of gakel-calls 
(ANOVA: Fi,i3=5.45, P<0.05). The hens in group 2 gave more gakel-calls 
(Mean ± SEM: 17.8 ± 2.2) than the hens of group 1 (6.50 ± 1.0). No effects of 
carry over, timeperiod or body weight were found. 
Test birds gave significantly more gakel-calls (ANOVA: Fi,i3=86.01, 
P<0.001; Fig. 2) and showed more head-flicks (non-thwarting: 2.4 ± 0.5 vs. 
thwarting: 11.2 ± 2.1; ANOVA: F1/13=46.28, P<0.001) and yawns (non-
thwarting: 0.79 + 0.5 vs. thwarting; 7.0 ± 1.2; ANOVA: Fi,i3=48.38, P<0.001) 
when thwarted than when non-thwarted (contrast A). In the thwarting 
treatments significantly more time was spent in pacing (non-thwarting: 1.9 
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± 1.1 vs. thwarting: 35.2 ± 5.5; ANOVA: Fi,i3=39.2, P<0.001), trying to 
escape (non-thwarting: 0.3 ± 0.2 vs. thwarting: 3.4 ± 1.0; ANOVA: Fi,i3=9.4, 
P<0.010) and on displacement preening (non-thwarting: 0.91 ± 0.5 vs. 
thwarting: 9.92 ± 0.6; ANOVA: Fi,i3=35.77, P<0.001) than in the non-
thwarting treatments. These differences were also significant even when 
the separate thwarting treatments were tested against their respective non-
thwarting counterparts (i.e. treatment 1 vs. 5, 2 vs. 6, 3 vs. 7 and 4 vs. 8 in 
table 1). 
No significant difference in the number of alarm-cackles was found when 





















Figure 2. Mean number of gakel-calls in the test birds in the non-thwarted and thwarted treatments: 
***P<0.001. 
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The effect of an audience 
The effect of the presence of an audience on the behaviour of thwarted test 
birds was tested by comparing the three audience treatments (non-
thwarted audience bird, thwarted audience bird and human audience) 
with the empty cage treatment (contrast B). The presence of a non-
thwarted audience bird compared to an empty cage did not significantly 
affect the number of gakel-calls but it significantly increased the number of 
head-flicks (non-thwarted audience bird: 12.68 ± 3.9 vs. no audience: 4.31 ± 
1.8; ANOVA: Fi,6=9.84, P<0.01), the number of yawns (non-thwarted 
audience bird: 11.81 ± 3.0 vs. no audience: 4.56 + 1.9; ANOVA: Fi,6=5.55, 
P<0.05) and the time spent in pacing (non-thwarted audience bird: 53.31 ± 
14.0 vs. no audience: 20.04 ± 6.5; ANOVA: F1/6=10.19, P<0.001). 
The presence of a thwarted audience bird compared to no audience 
significantly increased the number of gakel-calls (ANOVA: Fi,6=5.56, 
P<0.05, Fig. 3) and the number of head-flicks (thwarted audience bird: 
23.62 ± 6.0 vs. no audience: 4.31 ± 1.8; ANOVA: Fi,6=29.25, P<0.001) in test 
birds. There were no significant effects on any other behaviour. 
In the presence of a human audience test birds tended to show more gakel-
calls (ANOVA: Fi,6=3.59, P=0.06, Fig. 3) and to spend more time in pacing 
(human audience:38.39 ± 12.7 vs. no audience: 20.04 ± 6.5; ANOVA: 
Fi,6=3.29, P=0.07) than when thwarted without an audience. Furthermore, 
they exhibited longer durations of preening (human audience: 84.06 ± 26.6 
vs. no audience: 40.18 + 18.8; ANOVA: Fi,6=5.29, P<0.05). and displacement 
preening (human audience: 14.12 ± 4.6 vs. no audience: 7.56 + 2.2; ANOVA: 























b _ ab 
Empty cage Non-thwarted Thwarted Human 
non-test bird non-test bird audience 
Treatment 
Figure 3. Mean number of gakel-calls in thwarted test birds with the empty cage and the three different 
types of audience; different letters indicate statistical signfifcant differences below the 0.05-
level. 
The effect of social facilitation 
Non-thwarted test birds did not perform more frustration behaviours 
when with a thwarted stimulus bird than with a non-thwarted stimulus 
bird (contrast C and see table 2). Thwarted test birds in the presence of a 
thwarted stimulus bird showed more gakel-calls (ANOVA: Fi,i3=6.86, 
P<0.05; Table 2, see also Fig. 2) and head-flicks (non-thwarted stimulus 
bird: 12.68 + 3.9 vs. thwarted stimulus bird: 23.62 ± 6.0; ANOVA: Fi,i3=8.42, 
P<0.01; Table 2) than when tested in the presence of a non-thwarted 
stimulus bird (contrast D). They spent significantly less time pacing 
(ANOVA: F1,i3=5.70/ P<0.05; Table 2) and tended to show less yawns 
(ANOVA: Fi,i3=3.18, P=0.07; Table 2). 
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Mutual effects of treatments 
Even though this experiment was not designed to include the non-test 
birds in the analysis, the behavioural data of the non-test birds supported 
the findings in the test birds. Non-test birds gave significantly more gakel-
calls (ANOVA: Fi,6=28.62/ P<0.001, Fig. 2) and showed more head-flicks 
(non-thwarting: 4.25 ± 0.9 vs. thwarting: 9.92 + 0.6; ANOVA: Fi,6=8.73, 
P<0.01) and yawns (non-thwarting: 1.25 ± 0.6 vs. thwarting: 5.25 + 0.1.3; 
ANOVA: Fi,6=7.71, P<0.05) when thwarted in their feeding behaviour than 
when non-thwarted. Furthermore, stereotyped pacing (non-thwarting: 0.75 
± 0.5 vs. thwarting: 66.6 + 20; ANOVA: Fi,6=18.12, P<0.001) and 
displacement preening (non-thwarting: 0.0 ± 0 vs. thwarting: 13.25 ± 3.1; 
ANOVA: Fi,6=22.59, P<0.001) both lasted longer during thwarting than 
during non-thwarting. 
We found a significant positive correlation between the number of head-
flicks in test birds and the number of gakel-calls in non-test birds in all 
treatments: both test bird and non-test bird non-thwarted (Spearman rank 
correlation, r=0.83, P<0.05), test bird thwarted, non-test bird non-thwarted 
(r=0.77, P<0.05), test bird non-thwarted, non-test bird thwarted (r=0.94, 
P<0.001), both test and non-test bird thwarted (r=0.99, P<0.001). However, 
a positive correlation between number of gakel-calls given by test birds 
and number of head-flicks in non-test birds was found only in the 
treatments where non-test birds were non-thwarted: both test and non-test 
bird non-thwarted (r=0.81, P<0.05), test bird thwarted, non-test bird non-
thwarted (r=0.80, P<0.05), test bird non-thwarted, non-test bird thwarted 




The thwarting of feeding behaviour resulted in an increase in the number 
of gakel-calls and other behaviours indicative of frustration, we found an 
audience-effect on the gakel-call and other frustration behaviours, but this 
depended on the type of audience, and we found social facilitation of the 
gakel-call but not other frustration behaviours. 
In line with previous studies (Kruijt, 1964; Duncan and Wood-Gush, 1972b; 
Hughes, 1983; Schenk et a l , 1983; Koene and Wiepkema, 1991; 
Zimmerman and Koene, 1998) we found that thwarting of feeding 
behaviour resulted in a higher number of gakel-calls, an increase in the 
time the test and non-test birds spent on stereotyped pacing and on 
displacement preening. Also conflict-behaviours such as head-flicking and 
yawning were shown more in the thwarting than in the non-thwarting 
treatment. 
One of the research questions was whether the presence of an audience 
affects the gakel-call and other frustration behaviours during thwarting of 
feeding behaviour. There was an audience-effect. Depending on the type of 
audience, thwarted test birds showed more of behaviours associated with 
frustration than when tested alone. A thwarted test bird exhibited more 
yawning behaviour (Kruijt, 1964) and showed more stereotyped pacing 
when she was in the presence of an non-thwarted, feeding audience bird 
than when faced with an empty cage. A possible explanation for the 
increase in yawning is that the presence of a feeding audience bird might 
have been interpreted by the test bird as the presence of a successful 
competitor, which, together with the absence of food in the own cage, 
might have elicited conflict. Test birds persisted to try to reach their own 
food by pecking at the plexiglass, but at the same time exhibited 
stereotyped 'escape' pacing. This pacing was performed mainly in front of 
the plexiglass, closest to the other cage, and could be a demonstration of 
the fact that the thwarted test bird tried to reach the food in the 
neighbouring cage. 
The presence of a thwarted audience bird increased the occurrence of 
gakel-calls and number of head-flicks in thwarted test birds. We had the 
strong impression that calls given by the audience bird elicited head-
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flicking in the test bird and the other way around. This impression is 
supported by Hughes (1983) who described head-flicking as an alertness 
response and also the positive correlation we found between the number of 
head-flicks in the test birds and the number of gakel-calls in the audience 
birds. However, reversely, a positive correlation between number of gakel-
calls given by test birds and number of head-flick* in audience birds was 
found only in the treatments where audience birds were non-thwarted. We 
know that subordinate hens pay more attention to dominant hens (Nicol 
and Pope, 1994,1999) but by choosing 'average' hens as non-test birds we 
assumed we have ruled out an effect of rank. This cannot be precluded, 
however, since we did not determine the dominance relationships of test 
and non-test birds. 
The presence of a human audience increased the time thwarted test birds 
spent on both displacement preening and normal preening. Displacement 
preening in domestic fowl has been described to occur in conflict situations 
in which two strong incompatible tendencies are balanced (Duncan and 
Wood-Gush, 1972a). The incompatible tendencies in the present 
experiment could be trying to escape from the aversive situation (food 
visible but covered) and still expecting food because of the presence of the 
human observer that used to be a signal for food. In this case, one would 
expect the thwarted test birds to show higher levels of gakel-calls in this 
treatment. Indeed, the thwarted test birds tended to show such an increase. 
So, not only the mere presence of an audience but also the type of audience 
affects the gakel-call and other frustration behaviours. 
Another research question was whether social facilitation affected the 
gakel-calls and other behaviours associated with frustration. We found that 
non-thwarted test birds did not perform more gakel-calls or other 
behaviours indicative of frustration when with a thwarted stimulus bird 
than when in the presence of a non-thwarted stimulus bird. Only test birds 
which where thwarted themselves gave more gakel-calls in the presence of 
a thwarted stimulus bird than when with a non-thwarted stimulus bird. So, 
the results support social facilitation of the gakel-call, but the performance 
of gakel-calls is only facilitated when the bird is already frustrated. Because 
the gakel-call is a vocalisation indicative of frustration, one could expect 
other behaviours indicative of frustration to be subject to social facilitation 
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too. This was not found. However, we found that a thwarted test bird 
spent less time in stereotyped pacing in the presence of a thwarted 
stimulus bird than when with a non-thwarted stimulus bird. As we 
explained previously the sight of a feeding audience bird elicited 
stereotyped pacing in the thwarted test birds probably because the test 
birds tried to reach the food in the adjacent cage. The presence of another 
thwarted bird apparently inhibited this pacing. 
So, we found that social facilitation affects the gakel-call but not other 
behaviours indicative of frustration. If we accept that the gakel-call has a 
social function, e.g. alerting the rooster to accompany a hen to a nest site, it 
is not surprising that in our study we found an effect of an audience on the 
gakel-call and not on the other frustration behaviours. However, only a 
thwarted bird audience did facilitate the production of gakel-calls, not the 
mere presence of a bird audience. If under natural conditions the gakel-call 
has evolved as a signal by the hen to entice the rooster to accompany her to 
a nest site (McBride et al., 1969; Thornhill, 1988) and this company benefits 
the hen, one can imagine that this brings about competition between hens 
for the rooster's attention. That could explain why gakel-calls of one hen 
stimulates another hen to show an increase in number of gakel-calls and 
vice versa. 
Increased head-flicking suggests that thwarted test birds in the presence of 
thwarted audience birds were more alert than when with non-thwarted 
audience birds. If originally competition occurred between to hens giving 
gakel-calls before egg-laying, then it seems reasonable to expect that in this 
experiment a thwarted hen should focus on another thwarted hen. 
In conclusion, the thwarting of feeding behaviour in the domestic laying 
hen is not only expressed through behaviours such as stereotypic pacing 
and displacement preening but is also reflected in an increase in a specific 
vocalisation, the gakel-call. The presence of an audience influences the 
performance of specific behaviours. The sight of a feeding bird audience 
elicits yawning and pacing in the thwarted hens, probably as a result of 
conflict between trying to reach its own and the food of the other hen. A 
human audience, being a signal for food, elicits a similar conflict between 
trying to reach food and approaching to the human in thwarted birds. This 
is evidenced by higher levels of displacement preening and a tendency to 
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give more gakel-calls with a human audience than with no audience or a 
bird audience. The gakel-call, unlike other behaviours indicative of 
frustration, is affected by social frustration; thwarted birds give more 
gakel-calls in the presence of another thwarted bird than when with a non-
thwarted conspecific. Social facilitation of the gakel-call might originate in 
competition for the rooster's company before egg-laying. 
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Summary and conclusions 
ANIMAL WELFARE 
Animal welfare plays a major role in the societal and scientific debate 
about the housing of laying hens. One approach of animal welfare claims 
that proper biological functioning implies good welfare. Functional 
systems are governed by set points that keep a system in balance, in other 
words maintain homeostasis. When a discrepancy is detected between an 
actual value and the associated set point the animal performs a behaviour 
that reduces this discrepancy. For instance, an animal with a low level of 
blood glucose is said to be in a state of hunger. It is motivated to perform 
feeding behaviour in order to reach the proper level of glucose in the blood 
again. This 'functioning-based' approach supposes that welfare is good 
when physiologically an animal functions well. 
Another approach of welfare is based on the assumption that a state of, for 
instance, hunger is accompanied by an affective state, in this case, the 
feeling of hunger. It is assumed that such affective states have evolved as 
an adaptation to control and motivate behaviour in a more flexible way 
than do reflexes. In general, an animal will perform behaviours that give it 
more contentment and less need or pain. This 'feelings-based' approach 
supposes that the welfare state of an animal is determined by the affective 
states that accompany a physiological state. 
Feelings or affective states motivate an animal to perform behaviours that 
ensure proper biological functioning. So, a 'feeling-based' approach of 




To assess the welfare state of an animal one has to operationalise the 
assessment of how successful the animal is in maintaining proper 
biological functioning. Fluctuations in the states of need and satisfaction 
are part of everyday animal life. Only when such deviations from 
satisfaction states are unnaturally intense and long-lasting does it make 
sense to consider these deviations to cause suffering. Disturbed 
functioning and an associated unsatisfied affective state, that result from 
thwarting or blocking of a behaviour, might be evidenced by repeated 
attempts to perform the behaviour which would have ensured proper 
functioning. These attempts indicate a state of frustration. By measuring 
this frustration one can judge how well the animal copes and this can be an 
indicator of the welfare state of the animal. Other measures of frustration 
might be emotional expressions, such as vocalisations. 
THE THWARTING OF BEHAVIOUR 
There are indications from previous studies that the thwarting of a 
behaviour not only is expressed through certain behaviours such as 
stereotyped pacing and displacement preening but also through a specific 
laying hen vocalisation, the gakel-call. Ultimately, this gakel-call might be 
used as a tool in assessing the state of welfare of laying hens in different 
housing systems. For this purpose one first has to investigate whether in 
general the thwarting of behaviour and the resulting frustration are 
expressed through the gakel-call. Furthermore, the level of motivation and 
intensity of frustration should be reflected in either the number of gakel-
calls or qualitative characteristics of this call. 
FRUSTRATION 
Food, water or a dustbath can be rewards for an animal when it has been 
deprived of these commodities. Also the performance of the associated 
behaviours, eating, drinking and dustbathing respectively, can contribute 
to the rewarding nature of earlier mentioned commodities. A state of 
frustration can be induced by nonreward, reduced or delayed reward in 
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the presence of a history of reward. Frustration has been found to result in 
a general arousal or drive, that expresses itself in earlier mentioned 
behaviours such as stereotyped pacing or displacement preening. 
PREDICTABILITY AND CONTROLLABILITY 
In the interaction with its environment an animal should try to detect 
events and conditions in order to facilitate survival. Life sustaining, non-
random events can be detected through learning. Two types of associative 
learning can be distinguished: classical and operant conditioning. In 
classical conditioning an external signal precedes a relevant event, offering 
an animal predictability of the occurrence of this event. In operant 
conditioning a behaviour performed by the animal itself is associated with 
a succeeding event, thereby making the occurrence of the event both 
predictable and controllable. The degree to which the performance of a 
behaviour has been predictable and controllable might determine the 
frustration arousal, and the consequent corrective and emotional 
behaviours. If we assume that controllability is predictability plus added 
control and that animals prefer controllability over predictability, then we 
might expect that omission of a both predictable and controllable food 
reward results in a higher level of frustration than omission of an only 
predictable reward. 
"SAY WHAT?" 
The main aim of this thesis is to investigate whether frustration, resulting 
from the thwarting of behaviour in laying hens, is consistently expressed 
in the gakel-call. It is also studied whether motivation and the intensity of 
frustration influence the gakel-call, both in number and quality. Another 
aim is to assess the influence of the social context on the gakel-call. 
In CHAPTER II the vocal and behavioural response to the thwarting of 
feeding behaviour was studied. Food-deprived hens of a light-hybrid and 
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medium-hybrid strain were subjected to classical conditioning. In a 15-min 
conditioning session in a number of consecutive trials a food reward 
consisted of 5-sec access to a food magazine. Thwarting of feeding 
behaviour was used to cause frustration arousal. When thwarted the hens 
of the medium-hybrid strain gave more gakel-calls and performed more 
stereotyped pacing between trials than when non-thwarted. This was not 
found for the light-hybrid strain which showed a higher amount of 
behaviours indicative of fear. The fearful reaction of the 'flighty' light-
hybrid hens to the experimental conditions might have overruled the effect 
of thwarting of feeding behaviour as found in the 'docile' medium-hybrid 
strain. 
Predictability and controllability might affect the level of frustration. We 
did an experiment in which hens of a light- and medium-hybrid strain 
were thwarted in their feeding behaviour in both a classical and an operant 
mode of conditioning (CHAPTER III). In the classical conditioning sessions a 
light predicted the occurrence of a 5-sec food reward, thereby offering the 
hens predictability of access to food. In the operant conditioning sessions 
the light signalled that a key-peck resulted in 5 sec access to food; in this 
situation a food reward not only was predictable but also controllable for 
the hens by its own behaviour. The thwarting of feeding behaviour 
resulted in a higher number of gakel-calls in both the classical and operant 
mode. However, there was no difference in the number of gakel-calls 
between the modes of conditioning. This could mean that in the operant 
mode the significance of the added control over the predictable food 
reward was not as high as we expected. Another possible explanation is 
that the predictability of the food reward in the classical mode allowed the 
hens to prepare for the conditioned response of feeding, thereby offering 
them 'mental' control. Like in CHAPTER II there was a difference between 
the strains in their reaction to the thwarting of feeding behaviour. The 
medium-hybrid strain gave more gakel-calls than the light-hybrid one, 
whereas the light-hybrid strain performed more key-pecks. Because the 
aim of this thesis is to study the vocal response to the thwarting of 
behaviour, we decided to use only hens of the medium-hybrid strain in 
further experiments. 
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The thwarting of feeding behaviour was reflected in a higher number of 
gakel-calls and other behaviours, such as stereotyped pacing and 
displacement preening (CHAPTER II AND III). Next, we studied whether a 
change in the motivation to feed affects the behavioural response to 
frustration, induced by the thwarting of feeding behaviour. The 
assumption was that a higher motivation would result in a higher intensity 
of frustration; and that the intensity of frustration would be reflected in the 
number of gakel-calls or other characteristics of the gakel-call (CHAPTER 
IV). First, the motivation to feed was varied by depriving hens of food for 
0, 8, 23 or 47 hrs of food deprivation. After that the hens were thwarted in 
their feeding behaviour. We found a positive, linear relationship between 
the duration of deprivation and the number of gakel-calls. Hence, a higher 
motivation to feed affects the frustration arousal resulting from the 
thwarting of feeding behaviour and this is reflected in a higher number of 
gakel-calls. We found no clear relation between the level of motivation and 
temporal characteristics (number of notes per gakel-call, mean duration 
per note) of the gakel-call. 
Next, the degree of frustration was varied in an operant situation by 
altering the duration of access to a food reward (0, 3, 10 and 30 sec) 
compared to the expected duration (10 sec). We assumed that the level of 
frustration would decrease from 0 till 30 sec access to food. However, in 
this situation no relation was found between the level of frustration and 
the number of gakel-calls nor the temporal characteristics of this call. An 
explanation might be that the differences between the magnitudes of 
reward were too small. An alternative explanation is that the positive 
feedback of feeding overruled the effect of frustration. Of course, the 
possibility exists that there is no quantitative relationship between 
frustration, induced by reduced reward, and the gakel-call. 
In order to be able to use the gakel-call as an indicator for frustration in 
general it should be examined whether the gakel-call is restricted to a 
feeding context. For this purpose the effect of thwarting of feeding, 
drinking, dustbathing and nesting behaviour on the gakel-call was studied 
(CHAPTER V). Hens were deprived of food, water or dustbath and learned 
to get access to food, water and dustbath at a fixed time on 5 consecutive 
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days. On the sixth day at the fixed time access to the commodity was 
blocked and the associated behaviour being thwarted. We found that the 
thwarting of eating, drinking and dustbathing resulted in a higher number 
of gakel-calls. 
Thwarting the nesting behaviour resulted in a higher number of gakel-calls 
and the mean number of gakel-calls in this context was higher than in the 
other three contexts. However, we cannot conclude from this finding that 
the level of frustration was highest in the nesting context. 
Under natural conditions the gakel-call is probably a signal from the hen to 
the rooster to accompany her to a nest. Obviously, however, the gakel-call 
can be used in other contexts as well, as our study shows. The gakel-call 
has become an emotional expression of frustration also in the contexts 
feeding, drinking and dustbathing. 
The role of the gakel-call in the pre-laying context shows that the 
performance of the gakel-call in laying hens takes place in a social context. 
This raised the question which role social factors might play in the 
performance of gakel-calls. As a rule, laying hens in intensive husbandry 
systems are housed in large, single-sex groups. If the presence of a 
conspecific influences the occurrence of this call such as by an audience 
effect or by social facilitation (defined as an increase in the frequency or 
intensity of responses already in an animal's repertoire, when shown in the 
presence of others engaged in the same behaviour at the same time) this 
might have consequences for our use of the gakel-call as an indicator of 
frustration and the state of welfare. We investigated whether the gakel-call 
was subject to an audience-effect and social facilitation (CHAPTER VI). 
The hens were subjected to two test conditions: we either thwarted their 
feeding behaviour during a 15-min session in which they previously has 
been able to eat, or we allowed them to eat during this 15-min session. For 
both conditions we had 4 treatments: a hen was tested alone next to an 
empty cage, tested with a non-thwarted eating audience bird in the 
neighbouring cage, with a thwarted audience bird or with a human 
stimulus present. As before, thwarted birds gave a higher number of gakel-
calls than non-thwarted birds. The presence of an audience influenced the 
number of gakel-calls, but this depended on the type of audience. The 
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gakel-call was affected by social facilitation: birds gave more gakel-calls 
when thwarted in the presence of another thwarted hen than when 
thwarted with a non-thwarted conspecific. If we accept that the gakel-call 
has evolved originally as a signal of the hen to entice the rooster to 
accompany her to a nest site and if we accept that this company benefits 
the hen, one can imagine that competition might exist between hens for the 
rooster's attention. This could explain why gakel-calls of one hen stimulate 
another hen to show an increase in number of gakel-calls and vice versa. It 
cannot be concluded from this study, however, that the higher number of 
gakel-calls elicited by social facilitation also reflects a higher level of 
frustration. 
CONCLUDING REMARKS 
The thwarting or blocking of behaviour in laying hens is expressed 
through a specific vocalisation, the gakel-call. However, the frustration-
response of hens of a light-hybrid strain under some conditions seemed to 
be overruled by fear. 
The motivation to perform a behaviour influences the frustration resulting 
from the thwarting of the associated behaviour. This frustration is 
expressed in the number of gakel-calls. The intensity of frustration, 
induced by reduced reward, is not reflected in the number of gakel-calls. 
Before the gakel-call ultimately can be used as an indicator of welfare in 
the laying hen in the comparison of different housing systems, it first has 
to be clear which factors influence the differences in frustration-response 
between different strains of laying hens. Furthermore, it is necessary to 
investigate the relationship between the intensity of frustration on the one 
hand and the number gakel-call and qualitative characteristics of the gakel-
call on the other hand. 
As yet the gakel-call seems a useful parameter to study the impact of 
certain elements of a housing system on the frustration response of laying 
hens. Frustration can be an indicator of the welfare state of an animal and 
with the use of the gakel-call laying hen welfare in different housing 
systems can be assessed. 
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DIERENWELZIJN 
In het maatschappelijk en wetenschappelijk debat over de wijze waarop 
legkippen gehuisvest moeten worden speelt dierenwelzijn een cruciale rol. 
Een visie op dierenwelzijn stelt dat het welzijn goed is als een dier 
biologisch optimaal functioneert. Het biologisch functioneren wordt 
gestuurd door een aantal regelsystemen. In een dergelijk systeem bestaat 
een aantal 'set points' of doelwaarden, die er voor zorgen dat het optimaal 
functioneren van een dier gewaarborgd blijft. Wanneer de doelwaarde niet 
bereikt wordt zal een dier actie moeten ondernemen om het evenwicht te 
herstellen. In het voeropname-systeem, bijvoorbeeld, leidt onder andere 
een te lage bloedsuikerspiegel tot een toestand van honger. Het dier zal 
voer moeten zoeken en moeten eten om de bloedsuikerspiegel weer op de 
gewenste waarde te krijgen. Deze 'biologische' visie neemt dus aan het 
welzijn goed is wanneer een dier fysiologisch optimaal functioneert. 
Een andere visie op dierenwelzijn gaat uit van de gevoelens van dieren. 
Deze visie stelt dat een bepaalde fysiologische toestand van een dier 
gepaard gaat met een bepaald gevoel: bijvoorbeeld, een toestand van 
honger gaat gepaard met een gevoel van honger. De aanname is dat 
gevoelens in de evolutie zijn ontstaan om gedrag flexibeler te sturen dan 
alleen reflexmatig. Het hongergevoel motiveert een dier de hongertoestand 
op te heffen door middel van voedselzoekgedrag en eetgedrag. In het 
algemeen kan gesteld worden dat een dier zal trachten een toestand die 
met negatieve gevoelens gepaard gaat op te heffen of te vermijden, en een 
toestand die gekoppeld is aan positieve gevoelens na te streven. De 
'gevoelens'-visie op dierenwelzijn stelt dus dat de welzijnstoestand van 
dier bepaald wordt gevoelens van een dier in een bepaalde situatie. 
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Uit de combinatie van beide visies volgt dat gevoelens van een dier die 
gedragingen motiveren die er voor zorgen dat een dier biologisch optimaal 
functioneert. De 'biologische' en 'gevoelens'-benadering van dierenwelzijn 
zijn daarom onlosmakelijk met elkaar verbonden. 
Om de welzijnstoestand van een dier te meten moet het biologisch 
functioneren van een dier bepaald worden. In het dagelijks leven van een 
dier zal het biologisch functioneren niet optimaal zijn. Dieren krijgen, 
bijvoorbeeld, honger of dorst en zullen daardoor gemotiveerd worden om 
te eten respectievelijk te drinken. Doorgaans kunnen ze het tekort aan voer 
of water op korte termijn aanvullen en daarmee de toestand weer 
herstellen. Als een dier gedurende een aanhoudende periode niet in staat is 
de honger te stillen of de dorst te lessen, kan gesteld worden dat een dier 
lijdt. Het geblokkeerd worden in de uitvoering van gedrag leidt tot een 
voor het dier onbevredigde toestand met het daaraan gekoppelde 
negatieve gevoel. Deze blokkade uit zich vaak in herhaalde pogingen van 
het dier om dat gedrag toch uit te voeren; de uitvoering van dat gedrag is 
immers nodig om optimaal functioneren te bewerkstelligen. Tevergeefse 
pogingen van een dier om een bepaald gedrag uit te voeren zijn een uiting 
van frustratie. De gemeten frustratie kan een indicator zijn voor de 
welzijnstoestand van een dier. Andere gedragingen waaraan frustratie 
afgelezen kan worden zijn emotionele expressies zoals vocalisaties 
(dierengeluiden). 
HET BLOKKEREN VAN GEDRAG 
Er zijn aanwijzingen uit eerder onderzoek dat frustratie, als gevolg van het 
blokkeren van gedrag, bij legkippen niet alleen tot uitdrukking komt in 
gedragingen zoals stereotiep stappen en omgericht poetsen, maar ook 
geuit wordt door mid del van een specif ieke vocalisatie, de 'gakel' ("gakel-
call" in het Engels). Uiteindelijk zou de gakel gebruikt kunnen worden als 
een indicator voor de welzijnstoestand van legkippen. Met behulp van de 
gakel kunnen op deze manier verschillende huisvestingssystemen op hun 
'diervriendelijkheid' getest worden. Voor het zover is moet vastgesteld 
worden of het blokkeren van gedrag en de daaruit voortvloeiende 
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frustratie in legkippen inderdaad geuit wordt door middel van de gakel. 
Vervolgens moet bepaald worden of de motivatie om het gedrag uit te 
voeren en de intensiteit van de frustratie in de gakel tot uitdrukking 
komen; hetzij in het aantal gakels, hetzij in kwalitatieve kenmerken van de 
gakel. 
FRUSTRATIE 
Voer, water of een stofbad kunnen een beloning zijn voor een kip als haar 
een tijd voer, water of stofbad ontzegd zijn (deprivatie). Ook het uitvoeren 
van de bijbehorende gedragingen, respectievelijk eten, drinken en 
stofbaden, kunnen een bijdrage leveren aan de beloning. Een gevoel van 
frustratie wordt veroorzaakt door, bijvoorbeeld, het niet of later krijgen 
van voer op het moment dat voer verwacht wordt. Ook het korter kunnen 
eten dan het dier gewend is leidt tot frustratie. 
Uit eerder onderzoek is gebleken dat frustratie bij legkippen leidt tot een 
algemene staat van opwinding en een versterkte drang om het 
geblokkeerde gedrag uit te voeren. Er zijn aanwijzingen dat de gakel 
geassocieerd is met frustratie. 
VOORSPELBAARHEID EN BEHEERSBAARHEID 
Dieren proberen greep te krijgen op de omstandigheden en gebeurtenissen 
in de omgeving zowel in de natuur als in houderijsystemen. 
Het kunnen voorspellen en beheersen van omstandigheden en 
gebeurtenissen vergemakkelijkt het overleven van een dier doordat het 
kan anticiperen en zijn gedrag aan kan passen. Anticipatie op een 
gebeurtenis kan alleen plaatsvinden wanneer een dier een gebeurtenis 
associeert met iets dat eraan voorafgaat. Het leggen van een verband 
tussen twee gebeurtenissen gebeurt middels associatief leren. 
Er zijn twee vormen van associatief leren: Pavloviaans leren of klassieke 
conditionering en instrumenteel leren of operante conditionering. 
Klassieke conditionering houdt in dat een extern signaal voorafgaat aan 
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een, voor het dier, relevante gebeurtenis. Door de associatie te maken 
wordt de gebeurtenis voorspelbaar voor het dier. Bijvoorbeeld, het 
binnenkomen van een veehouder in de stal is vaak een signaal dat de 
dieren voer krijgen. In operante conditionering is een bepaald gedrag van 
het dier gekoppeld aan een daaropvolgende gebeurtenis: bijvoorbeeld, een 
dier onder laboratorium-omstandigheden kan geleerd worden op een 
knop te drukken voor een voerbeloning. Voor het dier is de voerbeloning 
niet alleen voorspelbaar maar ook nog beheersbaar. Het blokkeren van 
eetgedrag in de operante situatie brengt waarschijnlijk een andere reactie 
teweeg dan in de klassieke situatie. Deze veronderstelling komt voort uit 
a) de opvatting dat beheersbaarheid bestaat uit voorspelbaarheid plus 
controle over het verkrijgen van de beloning en dat b) dieren 
beheersbaarheid prefereren boven alleen voorspelbaarheid. Resultaten van 
leerpsychologische experimenten ondersteunen de laatste aanname. De 
hypothese is dat het uitblijven van een beloning die voorheen 
voorspelbaarheid en beheersbaar was tot meer frustratie zal leiden dan 
wanneer de beloning voorheen alleen voorspelbaar was. 
"SAY WHAT?" 
Het doel van dit proefschrift is te onderzoeken of frustratie bij legkippen 
geuit wordt door middel van de gakel. Ook wordt onderzocht hoe de 
motivatie en de intensiteit van frustratie het gakelen be'invloeden. Een 
ander doel is om te bepalen op wat voor manier de sociale context invloed 
uitoefent op de gakel. 
In HOOFDSTUKII werden gedrag en geluid van legkippen in reactie op het 
blokkeren van eetgedrag bestudeerd. Gedepriveerde kippen van een 
bruine en een witte lijn werden klassiek geconditioneerd. In een 
trainingssessie van 15 min ging om de 30 sec gedurende 10 sec een licht 
aan, waarna 5 sec een voerbak omhoog kwam en de gedepriveerde kippen 
konden eten. Na training blokkeerden we het eetgedrag in een 
frustratiesessie, door een lege voerbak omhoog te laten komen op de 
momenten dat de dieren gewend waren voer te krijgen. Kippen van de 
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bruine lijn gakelden meer en stapten meer stereotiep rond in de 
frustratiesessie dan in de controlesessie, waarin ze gewoon konden eten. 
De kippen van de witte lijn reageerden op het blokkeren van het eetgedrag 
met een toename in gedragingen die duiden op angst. De witte kippen 
staan bekend om hun 'angstige' karakter, in tegenstelling tot het meer 
'rustige' karakter van de bruine legkip. De angst die de 
testomstandigheden blijkbaar veroorzaakten, zelfs na langdurige training, 
overschaduwde waarschijnlijk in de witte kippen het effect van het 
blokkeren van eetgedrag. 
De mate van frustratie in een klassieke en operante situatie werd bepaald 
in een experiment beschreven in HoOFDSTUK III. De aanname was dat het 
blokkeren van een voorheen voorspelbare voorbeloning minder frustratie 
teweeg zou brengen dan een voorheen voorspelbare/beheersbare 
voerbeloning. In een klassieke trainingssessie was een lichtsignaal 
geassocieerd met een 5-sec voerbeloning; hiermee werd de voerbeloning 
voorspelbaar voor de dieren. In een operante trainingssessie gaf het 
lichtsignaal aan dat een pik-op-de-knop resulteerde in de 5-sec 
voerbeloning; in dit geval was het verkrijgen van de voerbeloning niet 
alleen voorspelbaar maar ook beheersbaar door de pik-op-de-knop. Het 
blokkeren van eetgedrag resulteerde wederom in een groter aantal gakels. 
Het aantal gakels verschilde echter niet tussen klassieke en operante 
conditionering. Dit zou kunnen betekenen dat de toegevoegde waarde van 
controle (pik-op-de-knop) over de voerbeloning bovenop de 
voorspelbaarheid in de operante situatie niet zo groot was als we 
aangenomen hadden. Een alternatieve verklaring is dat in de klassieke 
situatie de voorspelbaarheid van de voerbeloning de dieren de 
mogelijkheid gaf zich 'voor te bereiden' op het ontvangen van de 
voerbeloning. Hiermee zouden de kippen in de klassieke situatie een vorm 
van 'mentale' controle over de voerbeloning kunnen hebben gekregen en 
zou het door ons verwachte verschil tussen operante conditionering en 
klassieke conditionering niet meer bestaan. Net als in HOOFDSTUK II 
verschilden de bruine en witte lijn in hun reactie op het blokkeren van 
eetgedrag. De bruine lijn produceerde meer gakels, terwijl de witte lijn 
meer op de knop pikte gedurende frustratie. Omdat de vocale respons op 
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het blokkeren van gedrag het onderwerp van dit proefschrift is, werd 
besloten om voor verdere experimenten legkippen van de bruine lijn te 
gebruiken. 
Het blokkeren van eetgedrag in legkippen kwam tot uitdrukking in een 
toename van het aantal gakels en andere gedragingen, zoals stereotiep 
rondstappen en omgericht poetsen (HOOFDSTUK II EN III). Vervolgens werd 
een experiment uitgevoerd waarin onderzocht werd of de motivatie om te 
eten van invloed is op frustratie, als gevolg van het blokkeren van 
eetgedrag. De aanname was dat een hogere motivatie resulteert in meer 
frustratie en dat deze grotere frustratie leidt tot een groter aantal gakels en 
misschien een andere soort gakel (HOOFDSTUK IV). De motivatie om te eten 
werd gevarieerd door de dieren 0, 8, 23 en 47 uur te depriveren van voer. 
We vonden een positief, lineair verband tussen de tijdsduur van deprivatie 
en het aantal gakels. Het aantal gakels wordt dus bepaald door de mate 
van frustratie. De mate van frustratie wordt beinvloed door de grootte van 
de motivatie tot het uitvoeren van dat gedrag. We vonden geen verband 
tussen de mate van frustratie en temporele kenmerken (aantal noten, duur 
van de noten) van de gakel. 
In een ander experiment werd de relatie tussen de mate van frustratie en 
de gakel bestudeerd (HOOFDSTUK IV). De mate van frustratie werd 
gevarieerd door het verschil tussen de verwachte en werkelijke beloning te 
varieren. Daartoe werden de dieren in een operante situatie getraind om 
voor een 10-sec voerbeloning op een knop te pikken. In de uiteindelijke 
testsessie kregen de dieren na een pik-op-de-knop toegang tot voer 
gedurende 0, 3, 10 en 30 sec. We namen aan dat de mate van frustratie 
tijdens de testsessies zou afnemen met een toenemende tijdsduur van 
toegang tot voer. Echter, we vonden geen relatie tussen het aantal gakels 
en temporele kenmerken van de gakel aan de ene kant en de duur van 
toegang tot de voerbeloning aan de andere kant. Een mogelijke verklaring 
is dat de verschillen tussen de behandelingen te klein waren en de mate 
van frustratie dus niet genoeg verschilde om duidelijke effecten te vinden 
op de gakel. Een alternatieve verklaring is dat de positieve terugkoppeling 
van eten na deprivatie het effect van frustratie overschaduwde. Het is ook 
mogelijk dat er geen relatie bestaat tussen de mate van frustratie, 
106 
en conclusies 
ge'induceerd door een verschil tussen de ontvangen en verwachte 
beloning, en het aantal gakels. 
In voorgaande experimenten is de relatie tussen de gakel en frustratie 
steeds onderzocht door het blokkeren van eetgedrag. Of de gakel te 
gebruiken is als een maat voor frustratie in het algemeen onderzochten we 
door kippen te blokkeren in hun eetgedrag, drinkgedrag, stofbadgedrag en 
nestelgedrag (HooFDSTUK V). We depriveerden de dieren van voer, water 
en een stofbad en we leerden ze om op een vast tijdstip gedurende 5 
achtereenvolgende dagen toegang te krijgen tot respectievelijk voer, water 
en stofbad. Op de 6e dag, op het vaste tijdstip, werd de dieren de toegang 
tot het gedepriveerde ontzegd. We vonden dat het blokkeren van 
eetgedrag, drinkgedrag en stofbadgedrag resulteerde in een toename van 
het aantal gakels. 
Het blokkeren van nestelgedrag leidde niet alleen tot een toename in het 
aantal gakels, maar ook dat blokkeren van nestelgedrag tot meer gakels 
leidde dan het blokkeren van eetgedrag, drinkgedrag en stofbadgedrag. 
Evenwel, we kunnen uit het laatste niet met zekerheid concluderen dat 
blokkeren van nestelgedrag tot meer frustratie leidt dan het blokkeren van 
eten, drinken of stofbaden. 
Onder natuurlijke omstandigheden is de gakel waarschijnlijk bedoeld als 
een signaal van de hen aan de haan om haar te escorteren naar een nest. 
Maar, zoals uit experimenten in deze studie blijkt, de gakel is ook van 
betekenis in andere contexten. De gakel lijkt een emotionele expressie van 
frustratie in de context van eten, stofbaden en nestelgedrag. 
De oorspronkelijke rol van de gakel in de communicatie tussen de hen en 
de haan riep de vraag op hoe sociale factoren het optreden van de gakel 
beinvloeden. Doorgaans zijn legkippen in intensieve houderijsystemen 
gehuisvest in grote groepen met alleen maar hennen. Als de aanwezigheid 
van andere hennen het gakelen van een gefrustreerde hen be'invloedt, dan 
heeft dat consequenties voor het gebruik van de gakel als indicator voor 
frustratie en welzijn. De aanwezigheid van een andere hen kan het gakelen 
beinvloeden (publieks-effect) of het gakelen van een soortgenoot kan een 
hen aanzetten tot mee-gakelen of tot meer gakelen (sociale facilitatie). In 
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het experiment beschreven in HOOFDSTUK VI werden de dieren 
onderworpen aan twee testsituaties: ze werden geblokkeerd in hun 
eetgedrag in een 15-min testsessie, of ze hadden toegang tot voer in een 15-
min testsessie zoals ze geleerd hadden in een negental trainingssessies. In 
beide situaties ondergingen alle dieren 4 behandelingen: elke hen werd 
getest met een lege kooi, met een niet-gefrustreerde publiekskip in de 
buurkooi, met een gefrustreerde publiekskip in de buurkooi, en met een 
mens als publiek. 
Evenals in eerdere experimenten resulteerde het blokkeren van eetgedrag 
in een groter aantal gakels. De aanwezigheid van publiek had invloed op 
het aantal gakels en andere uitingen van frustratie, maar dit hing af van 
het type publiek. Er was ook een effect van sociale facilitatie op het aantal 
gakels. Dieren die geblokkeerd werden in hun eetgedrag gakelden meer in 
de aanwezigheid van een andere gakelende, gefrustreerde publiekskip dan 
met een niet-gefrustreerde publiekskip. Als gakelen oorspronkelijk 
bedoeld is als een signaal van de hen aan de haan om haar te escorteren 
naar een nest, is het aannemelijk dat er tussen hennen competitie optreedt 
om de aandacht en het gezelschap van de haan. Dit zou kunnen verklaren 
waarom het gakelen van de ene hen een andere hen stimuleert tot meer 
gakelen. Uit de gegevens van dit experiment kunnen we echter niet 
concluderen dat dit groter aantal gakels, als gevolg van sociale facilitatie, 
ook een hogere mate van frustratie inhoudt. 
CONCLUSIES 
Het blokkeren van gedrag bij legkippen wordt geuit middels een specifieke 
vocalisatie, de gakel. De frustratierespons in hennen van een witte lijn leek 
in sommige gevallen overschaduwd te worden door angst. 
De onderliggende motivatie voor het uitvoeren van geblokkeerd gedrag 
komt tot uitdrukking in het aantal gakels; hoe hoger de motivatie, hoe 
groter het aantal gakels. De mate van frustratie, ge'induceerd door het 
krijgen van een kleinere beloning dan verwacht, kwam niet in het aantal 
gakels tot uitdrukking. 
Voordat de gakel als een indicator voor welzijn gebruikt kan worden in de 
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vergelijking van verschillende huisvestingssystemen voor leghennen moet 
eerst duidelijk worden welke factoren ten grondslag liggen aan verschillen 
in frustratie tussen verschillende lijnen van legkippen. Verder is meer 
kennis van de relatie tussen de intensiteit van frustratie en de gakel 
(aantallen en kwalitatieve kenmerken van gakels) noodzakelijk. 
De gakel kan vooralsnog gebruikt worden om in experimenten te bepalen 
wat het effect is van bepaalde elementen uit een huisvestingssysteem op de 
frustratierespons van een leghen. Aangenomen wordt dat frustratie een 
indicatie is voor de welzijnstoestand van een leghen. Op basis van 
experimenten kan dus het effect van huisvestingscondities op het welzijn 
van de leghen bepaald worden. 
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